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Preface 


Volume 49 of Advances in Heterocyclic Chemistry contains five chap¬ 
ters. Professors M. TiSlerand B. Stanovnik of the University of Ljubljana, 
Yugoslavia cover the progress in pyridazine chemistry since 1979, the date 
of their previous publication in Volume 24 of Advances. 

Professor Vorbruggen of Berlin has contributed a survey of the 
amination of nitrogen heterocycles, which deals particularly with 
aminations in which an amino group replaces some other functionality on 
the heterocyclic ring. Thus, this review complements our recent review in 
Volume 44 dealing with the Tschitschibabin reaction, in which a hydrogen 
atom on the heterocyclic ring is replaced by an amino group. 

The other three chapters in the present volume all deal with bicyclic 
heterocycles. Dr. H. K. Pujari of Kurukshetra University in India de¬ 
scribes condensed 4-thiazolidinones, and Professor M. A. E. Shaban and 
A. Z. Nasr of Alexandria University in Egypt survey the synthesis of 
condensed 1,2,4-triazolo heterocycles. Finally, Professor T. A. Crabb of 
Portsmouth, England has covered saturated bicyclic 6/5 ring-fused sys¬ 
tems with a bridgehead nitrogen and a single additional heteroatom. None 
of these groups of bicyclic heterocycles has been comprehensively re¬ 
viewed before. 


A. R. Katritzky 
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I. Introduction 

The first comprehensive review on 4-thiazolidinones (1) appeared in 
1961 and was written by Brown (61CRV463). Subsequent reviews dealt 
with the uses of 1 as stabilizers for polymeric materials (64MI1) and 
as preparations and uses of rhodanines (2-thiono-4-thiazolidinones) 
(78RRC820, 78RRC1152). The synthesis, reactions (78AHC83), and bio¬ 
logical activity of 1 (81CRV175) have been highlighted. 

The systematic review by Mosby of bridgehead nitrogen heterocycles 
refers to the early work on five different condensed 4-thiazolidinones (with 
the general structure of 2) and covered the literature up to 1960 (61HC). 
Since then, a considerable amount of work has been published but only a 
brief review by this author has appeared (80MI1). A 1984 publication 
simply describes five such systems of 2, namely, imidazo[2,l-fc]thiazol- 
3(2//)-one, thiazolo[2,3-6]oxazol-5(6//)-one, thiazolo[2,3-6]thiazol-3(2//)- 
one, thiazolo[3,2-a]perimidin-3(2//)-one, and thiazolo[3,2-a]benzimida- 
zol-3(2//)-one (84MI1). The last heterocyclic system has also been briefly 
mentioned by Tennant (80HC), and the first has been described by Preston 
(86HC). Condensed 4-thiazolidinones (2-4) are conspicuously absent in 
Metzger’s three-volume work on thiazole chemistry (79HC). Conse¬ 
quently, an attempt has been made in this review to present in a systematic 
fashion the work encompassing systems (2-4). The literature is covered up 
to 1987. 


II. Synthesis 

The synthesis of condensed 4-thiazolidinones can be achieved through a 
cyclization procedure involving any two positions of 1. The involvement 
of the 1- and 4-positions is, however, obviously ruled out. Cyclizations 
involving the 2- and 3-positions of 1 have been the mainstay for the 
synthesis of condensed 4-thiazolidinones (2). A small quantity of elegant 
work on the condensed 4-thiazolidinones involving the 2- and 5-positions 
(3) as well as 2,3- and 2,5-positions (4) of 1 has been reported. The 
synthesis of 2-4, in general, follows well-documented procedures with 
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(1) (2) (3) (4) 


some modifications for the preparations of 1 (61CRV463). In this review 
the synthesis of 2-4 is discussed under different subheadings depending on 
the positions of 1 that are involved in the cyclization procedure and also on 
the nucleus to which 1 is fused. 


A. Cyclization Procedures Involving the 2- and 3- 
Positions OF 4-Thiazolidinone 

1. Pyrrolo[2,l-b]thiazol-3(2H)-ones 

Synthesis of this system, as depicted in Scheme 1, has been reported by 
Russian scientists (86KGS1690). Reaction of 5-n-propylpyrrolinyl-2- 
thione (5) with chloroacetic acid in benzene gives 7 in 50% yield. The 
reaction proceeds via the intermediate acid 6 , which undergoes cyclization 
to furnish the bicyclic compound 7. The facile acid-catalyzed ring closure 
of thiazole is demonstrated by the fact that when 5 is heated with chloro¬ 
acetic acid in the presence of sodium methoxide, the acid 10 is the only 
isolable product, which on treatment with hydrogen chloride affords 7. 
The bicyclic compound 7 reacts with p-dimethylaminobenzaldehyde in the 
presence of piperidine to yield 5,6-dihydro-2-p-dimethylaminobenzylidene- 
5-«-propylpyrrolo[2,l-/>]thiazol-3(2//)-one (9), presumably via 8. 



(10) 


( 9 ) 
Scheme 1 
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2. Imidazothiazol-3(2H)-ones 

Many examples of imidazo[2,l-6]thiazol-3(2f/)-one (11), imidazo[5,l- 
6]thiazol-3(2//)-one (14), and their partially (12, 15) and completely satu¬ 
rated (13) derivatives are known. Interesting biological activities have 
been found. 


c4 

> (12) (13) 

0 0 
/T'N'A /"-N-\ 

'W H, W 

(14) (15) 

a. Imidazo[2,l-b]thiazol-3(2H)-ones. The synthesis of imidazo[2,l- 
6]thiazol-3(2//)-one (11) can be accomplished by two routes. The first and 
most common is one in which a thiazole ring is built onto an imidazole 
nucleus by the reaction of imidazolyl-2-thione with an a-halogenoacid (or 
its ester). The second route in which an imidazole ring is built onto a 
thiazole ring is achieved by the reaction of 2,4-diaminothiazole with an 
a-halogenoketone followed by oxidative cyclization of the intermediate. 

i. From an imidazole. The simplest synthesis of imidazo[2,l- 
6]thiazol-3(2//)-one (18) is by the reaction of imidazolyl-2-thiones (16) with 
a-halogenoacids (or esters) and subsequent cyclization of the intermediate 
acids (esters) 17 with acetic anhydride [61ZOB3267; 72JPR785; 73IJC747; 
74JPR147; 781JC(B)329] (Scheme 2). 

In the case of unsymmetrical imidazolylthiones (16, R 1 = Ph, R 2 = H), 
the structure of cyclized product 18a as the 5-phenyl-isomer has been 
settled by a comparison. The cyclization product obtained from interme¬ 
diate 17a (R 5 = H) was not found to be identical to the 6-phenyl-isomer 
(27) obtained through an unequivocal synthesis [62LA(657)113] (see From 
a thiazole in the following section). In a variation, the reaction of 16 
(R 1 = Ph, R 2 = H) with ethyl chloroacetate and aromatic aldehydes in 
the presence of pyridine and piperidine in dry ethanol furnishes arylidene 
derivatives of bicyclic compound 19 (81JIC1117). The assignment of the 
phenyl group to position C-5 is, however, based on analogy to earlier work 
(61ZOB3267). 
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^NH XC(R 3 R 4 )CCbR 5 

H 

R 2 -^)^SC(R 3 R 4 )C02R 5 

(16 ) . 

(17 ) 

1 1 

R o , 

n n x s /n r 4 

™ 0 

1-fX^CHAr 

(19) 

(18) 


R 1 R 2 R 3 R 4 

a Ph H H H 

b p-0 2 NC 6 H 4 H H H 

c Ph Ph H H 

d p-MeOCgfy p-MeOCgH 4 H H 
e Ph Ph CH 3 H 

f Ph Ph CF 3 F 

Scheme 2 


The easy ring-opening quality of hexafluoro-l,2-epoxypropane in the 
presence of a nucleophile has been used to accomplish the synthesis of 
imidazo[2,l-ft]thiazol-3(27/)-one. Thus, the sodium salt of 4,5- 
diphenylimidazolyl-2-thione (16, R l = R 2 = Ph) reacts with hexafluoro- 
1,2-epoxypropane in acetonitrile to furnish 5,6-diphenyl-2-fluoro-2-triflu- 
oromethylimidazol2,l-fc]thiazol-3(2f/)-one (18f) in a one-step synthesis 
(78BCJ3091). 

The reaction of imidazolyl-2-thione (20) with dimethyl acetylene- 
dicarboxylate (DMAD) in methanol yielded a product for which structure 
21 was originally proposed [71 JCS(C)3602] but was later modified to 
imidazo-thiazinone (22) on the basis of its 13 C-NMR spectrum, which was 
found to be similar to that of 24 rather than 23 [81JCS(P1)415] (Scheme 3). 
The absence of coupling between the lactam carbon and H A in the l3 C- 
NMR spectrum of the product obtained from 20 and DMAD supported 
structure 22. A coupling constant, J( I3 C, H A ), of ~6.4 Hz is expected from 
the alternate thiazolidinone structure 21 (78HCA607). The reaction, 
however, when carried out in acetonitrile gives a mixture of 21 and 22 in 
the ratio of 1:2. These could not be resolved by column chromatography 
on alumina, but their structures were confirmed by NMR spectral data 
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( 22 ) ( 20 ) 


C0 2 Me 


0 



(24) 


[81 JCS(P1)415]. Surprisingly, 4,5-dihydroimidazolyl-2-thione, under iden¬ 
tical conditions, yields solely the 5,6-dihydro derivative of 21 
[71JCS(C)3602] whose IJ C-NMR spectrum strongly resembles that of 23 
[81 JCS(P1)415]. 

ii. From a thiazole. There is only one example depicting the synthesis 
of imidazo[2,l-6]thiazol-3(2//)-one through the second route. Thus, 2,4- 
diaminothiazole (25) reacts with phenacylbromide to give the intermediate 
ketone 26 that, on oxidative cyclization with nitric acid, furnishes the 
bicyclic compound 27 [62LA(657)113] (Scheme 4). 

b. Dihydroimidazo[2,l-b]thiazol-3(2H)-ones. The synthesis of 12 has 
also been achieved through two routes: either by annulating a thiazole ring 
onto an imidazoline or vice-versa. In the former case, dihydroimi- 
dazolyl-2-thione reacts with an a-halogenoacid or its equivalent to furnish 
12 directly, but in some cases, the intermediates are isolated, character¬ 
ized, and then cyclized to give 12. In the latter path, 2-imino-4- 


Bf 

h 2 n \_m H 2 N v _^CH 2 COPh 

F\\ —» // \v 

^s>"NH 2 S^nh 2 

(25) (26) 



Scheme 4 


(27) 
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thiazolidinone is condensed with appropriate alkylating agents followed by 
cyclization of the intermediate to yield the desired bicyclic product 12. 

i. By the first route. Arylidene derivative 29 of bicyclic compound 12 
was first prepared by the reaction of 4,5-dihydroimidazolyl-2-thione (28) 
with ethyl chloroacetate and aromatic aldehydes in the presence of pyri¬ 
dine and piperidine (56JOC24) (Scheme 5). Compound 29 has also been 
synthesized by cyclization with acetic anhydride in the presence of aro¬ 
matic aldehydes of acid 30 obtained from the condensation of 28 with the 
sodium salt of chloroacetic acid. The reaction of 28 with chloroacetic acid 
in hydrochloric acid, however, gives 3-(j3-aminoethyl)thiazolidin-2,4- 
dione hydrochloride (32), characterized through 1R spectral data (1667 and 
1724 cm" 1 for both C=0 groups) and chemical transformations. The 
formation of 32 has been reasonably presumed to proceed through the 
bicyclic intermediate 31 (56JOC193). Imidazoline-2-thiolacetic acid hydro¬ 
chloride (33) was earlier wrongly assigned to structure 32 (42JA2706). 
Several arylidene derivatives (29) have been prepared by the reaction of 28 
with chloroacetic acid and aldehydes in the presence of anhydrous sodium 
acetate in a one-step synthesis (59M11; 61ZOB1635; 68ZOR179]; the 
method followed is essentially similar to that reported earlier (56JOC24). 

Stephen and Wilson (26JCS2531; 29M1I) and Limar (59M1I) claimed to 
have synthesized 5,6-dihydroimidazo[2,l-6]thiazol-3(2//)-one (35) by re¬ 
acting 28 with ethyl chloroacetate in the presence of pyridine or anhydrous 
sodium acetate. The compound reported by Limar was not characterized 
and the work of Stephen and Wilson could not be repeated by Campaigne 
and Wani who could, however, synthesize 35 by reacting 28 with ethyl 


0 0 


K 

r— NH 

— — * 

H 


(31 ) 

(28) 

(29 ) 


1 

r 

♦ Cl" 

h 3 n 0 -k s , 

^ £n^"SCH 2 C0 2 H 

H 

rT 

^ n ^SCH2C0 2 H 

H 

(32) 

(30) 

Scheme 5 

(33) 
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chloroacetate and subsequently treating the intermediate 34 with ammonia 
in anhydrous ethanol (64JOC1715). The hydrochloride (31) has been ob¬ 
tained two ways, each involving a two-step synthesis. Thus, 28 reacts with 
chloroacetic acid in the presence of sodium acetate to give the acid 36, 
which, on treatment with concentrated HC1, yields 31. Alternately, 28 and 
ethyl chloroacetate in presence of anhydrous sodium acetate in ethanol 
give 37 which is converted to 31 with concentrated HC1 (64JOC1715). A 
one-step synthesis of 31 has been achieved by heating 28 with ethyl chloro¬ 
acetate at 150° for 4 hours (68JIC710) or with chloroacetic acid in glacial 
acetic acid (7IKGS93) (Scheme 6). 

The use of 4-methyl analog 38 in place of 28 in the previous reaction 
results in the formation of thiazolidin-2,4-dione derivatives (40,41) instead 
of the desired bicyclic compound 39. Thus, the reaction of 38 with ethyl 
chloroacetate and with ethyl a-bromopropionate gives 40 and 41, respec¬ 
tively, and is characterized by twin peaks at 1670 and 1750 cm 1 in 40 and 
1665 and 1732 cm" 1 in 41 for both C=0 groups, as well as chemical 
transformation of 40 to 43 which is also obtained from 42 as shown in 
Scheme 7. The formation of 40 and 41 is presumed to have proceeded 
through 39. Compound 38, however, upon refluxing with ethyl chloro¬ 
acetate in the presence of pyridine in anhydrous ethanol and subsequent 
heating with aldehyde and piperidine, furnishes 42 (701JC885). The reac¬ 
tion of 38 with chloroacetic acid in aqueous medium give 40 (701JC885) 
and not 44 as reported earlier (42JA2706). 

Under identical conditions, 31 is found to be stable, while 39 (R = H, 
X = Cl) is labile. This difference is probably due to the presence of the 
methyl on the imidazole ring. To test the effect of a methyl group present 
on the thiazole ring on the stability of bicyclic compound 45, the reaction 
of 28 with ethyl a-bromopropionate was carried out. Compound 46 was 


Cl * 

r- NH ^ 

C N '>-5CH2C02Et 

H 

( 34 ) 



(35) 


rf 


/—N 

Qx$ { 


iCH 2 C0 2 H 


(28) (36^) 
r~ N 0 

Cl 


(37) 
Scheme 6 
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H Cl 

(44) (42 ) (43) 


Scheme 7 


obtained, which suggests that when a methyl group is present either on the 
imidazole or on the thiazole ring, the bicyclic compound undergoes ring 
cleavage to give thiazolidin-2,4-diones (721JC766) (Scheme 8). 

Bicyclic system 12, having a group bulkier than methyl, is quite stable. 
Thus, 28, on reaction with a-bromoacids (esters) or 2-bromolactone and 
subsequent basification, give 47a-e [71JCS(C)3602, 80EUP2978]. With 
aryl/alkyl(cyano)methylbenzene sulfonate [RCH(CN)OS0 2 Ph] followed 
by acid-catalyzed hydrolysis, 28 affords 47a,f-j (60USP2933497; 
61JOC2715). When the sulfonic ester is not sufficiently reactive, the use of 
the iodide ion in the reaction mixture is indispensable. The reaction of 28 
with 2,2-dicyano-l-phenyloxirane also furnishes 47a (81S981) (Scheme 9). 

The reaction of 28 with acetylene dicarboxylic acid or DMAD furnishes 
48a [71 JCS(C)3602] and 48b [71JCS(C)3602; 77MI1], respectively (Scheme 
10). Compound 48b, synthesized by this reaction, was earlier formulated 
as imidazo-thiazinone (49) (67CJC939, 67CJC953) on the basis of mass 
spectral studies of the monocyclic system (thiazinone) obtained from thio¬ 
urea and DMAD, whose structure is still in dispute. Evidence has been 
furnished that the reaction of DMAD with thiourea gives methyl (2-imino- 



(28 ) (45 ) (46 ) 


Scheme 8 
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R 

a Ph 

b. (CH 2 )2C0 2 Et 

c. (CH 2 ) 3 C02Et 

d. (CH 2 ) 3 C0 2 H 

e. (CH 2 ) 2 QH 

Scheme 9 


R 

f. o-CIC 8 H 4 

g. 2.4-CI 2 C s H 4 

h. 3.4-Cl 2 C 6 H 4 

i. (CH 2 ) 2 Ph 

j. (CH^Cg^ 1 


4-thiazolidinone-5-ylidene)acetate [71CI(L)705]. The correct structural as¬ 
signment as 48 for the reaction product is now based on an unequivocal 
synthesis involving the reaction of 35 with glyoxalic acid to give 48a, which 
on esterification with diazomethane affords 48b (Scheme 10). Structure 
48b is further confirmed by its unambiguous synthesis from methyl 4- 
thiazolidinone-5-ylideneacetate [71JCS(C)3602] (see synthesis by second 
route). The reaction of 38 with DMAD similarly furnishes the methyl 
analog of 48b, except the position of the methyl group on the imidazole ring 
is uncertain (77MI1). 

The bicyclic products obtained from unsymmetrical substrates such as 
thiohydantoins (50, 53, and 56) can be represented by either structures 51 
or 52, 54 or 55, and 57 or 58, respectively. The data are inadequate to 
confirm either structure [71JCS(C)3602; 76ZN(B)111; 81S981] (Scheme 
11 ). 


0 



*H~ (2B) 
C02Me 
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C0 2 R 



(49 ) 


< 48 > (35) 

a, R = H 

b. R = Me 


Scheme 10 
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Scheme 11 


ii. By the second route. In the second route, the synthesis of 12 can be 
accomplished starting from 2-imino-4-thiazolidinone. Thus 59 reacts with 
1 ,2-dibromoethane to give 48b [71JCS(C)3602], The condensation of 60 
with chloroacetic acid yields the acid 61, which on cyclization with hot 
acetic acid or concentrated sulfuric acid, affords 62. That the alkylation of 
60 with chloroacetic acid takes place at the exocyclic nitrogen atom is 
confirmed by the hydrolysis of 61, which results in the formation of 5- 
arylidenethiazolidin-2,4-dione (751JC238). An allyl functionalized group 
present at a suitable position of the thiazolidinone ring can undergo bromi- 
nation-dehydrobromination to give the bicyclic compound. Thus 63, on 
treatment with bromine and potassium acetate, furnishes 64 (73KGS424) 
(Scheme 12). 

c. Tetrahydroimidazo[2.l-b]thiazol-3(2H)-one. Methyl (Z)-5,6,7,7a- 
tetrahydro-3-oxoimidazo[2,l-6]thiazol-2-ylidene acetate (67), the only ex¬ 
ample of this series, has been synthesized by the reaction of 4,5-dihydro-1 - 
methylimidazolyl-2-thione (65) with DMAD in methanol [81JCS(P1 )415] 
(Scheme 13). Compound 67 is of some interest for ,3 C-NMR spectroscopy 
since it has an .vp 3 -carbon atom (C-7a) attached to one sulfur, one oxygen, 
and two nitrogen atoms (sec Section III). The formation of 67 is presumed 
to have proceeded through the intermediate 66. 

d. lmidazo{5,1-bj thiazol-3( 2 H) - ones. 5-Methyl-7- nitroimidazol 5,1- 
6]thiazol-3(2//)-one (69, R = Me) and its 5-ethyl analog have been ob- 
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•S^CHAr H0 2 CCH 2 N^S^ CHAr 


HN-^ 


(GO) 
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a, H H H 

b, H H Me 

c, -(CH 2 ) 2 - H 

d, -(CH 2 )|- h 

Scheme 12 


tained in excellent yields by heating the appropriate acids (68) wit acetic 
anhydride for 7hr at 100°C (67KGS93) (Scheme 14). 

e. Dihydroimidazo[5,l-b]thiazol-3(2H)-ones. The acid 70 on cycli- 
zation with acetic anhydride, affords 7-arylazo-5,6-dihydro-5-oxoimi- 
dazo[5,1 -b]thiazol-3(2//)-one (71) [81ZN(B)501] (Scheme 15). 

3. Pyrazolo[3,2-b]thiazol-3(2H)-ones 

The only example of this system has been reported in a patent 
(83EGP156815). 5-Amino-1 -benzoyl/substituted benzoy 1-4-ethoxycarbo- 
nylpyrazolyl-3-thiones (72) react with either ethyl 3-anilino or substituted 
anilinocrotonates in boiling ethanol in the presence of metallic sodium 
to give 2-(a-anilino/substituted anilino)ethyl-5-benzoyl/substituted ben- 



(65 ) ( 66) (67) 

Scheme 13 
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(69) 


R-Me, Et 

Scheme 14 


zoyl-7-ethoxycarbonyl-6-iminopyrazolo[3,2-6]-thiazol-3(2//)-ones (73) 
(Scheme 16). 

4. Thiazolo[2,3-b]thiazol-3(2H)-one 

Reaction of 2-phenyl-2-thiazoline (74) and ketene in liquid sulfur dioxide 
gives 5,6-dihydro-7a-phenyl-7a//-thiazolo-[2,3-/>]thiazol-3(2tf)-one-l,l- 
dioxide (75) (Scheme 17). The cycloaddition was earlier presumed to have 
proceeded through a 1,4-dipoIar species (76) (67CC935), but later a 1,3- 
dipolar species (77) was suggested. The adduct 77 reacts with 74 in a 
[3 + 2] cycloaddition to give bicyclic compound 75 (69JHC729). The pos¬ 
sibility of an equilibrium between an open 1,3-dipolar ion (77) and cyclic 
structure 78 cannot be ruled out. A 1,3-dipolar system without a double 
bond is rare. Huisgen postulates such an intermediate in the thermolysis of 
ethylene carbamate with N-benzylideneaniline to yield 2,3-diphenyloxa- 
zolidine [63AG(E)565], More chemical and physical data are needed be¬ 
fore the nature of the adduct is firmly established. 


°^NH 

Ph-NyX SCH2C02H 

N 2 R 



(70) 


(71 ) 

R. Ph ,4- MeCgty, 4- C l Cg H 4 , 
4-0 2 NC 6 H 4 ,2-MeC 6 H 4 , 
3-MeCgH 4 
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(72 ) (73 ) 

Scheme 16 


5. Thiazolo[2,3-b]oxazol-5(6H)-one 

2-(p-Nitrophenyl)-2-oxazoline ( 79 ) similarly reacts with ketene in liquid 
sulfur dioxide to furnish 2,3-dihydro-7a-p-nitrophenyl-7a//-thiazolo[2,3- 
fi]oxazol-5(6//)-one-7,7-dioxide (80) (69JHC729) (Scheme 18). 

6. Thiazolo-s-triazol-5(6H)-ones 

Fusion of s-triazole and 4-thiazolidinone rings can be effected in two 
possible ways, as exemplified by thiazolo[3,2-fi]-s-triazole-5(6//)-one ( 83 ) 
and thiazolo[2,3-c]-s-triazole-5(6//)-one ( 85 ). Only scanty work on these 
condensed thiazolidinone systems is available, although a considerable 
amount of work on their thiazole counterpart has been reported. 



(76 ) ( 77 ) ( 78 ) 

Scheme 17 
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a. Thiazolo[3,2-b]-s-triazol-5(6H)-ones. Reaction of 3-aryl-.v-triazolyl- 
5-thione (81) with chloroacetic acid in acetic acid in the presence of 
sodium acetate gives the acid 82 which, on treatment with acetic anhydride 
or phosphoryl chloride, yields a cyclized product that has been formulated 
as 2-arylthiazolo[3,2-6]-s-triazol-5(6//)-ones (83) (76JPR12). The arylidene 
derivatives 84 have been obtained by condensing 83 with aromatic al¬ 
dehydes in acetic anhydride. This is done by refluxing the acid 82 with 
aromatic aldehydes in acetic anhydride or by refluxing the thione 81 with 
chloroacetic acid and aromatic aldehydes in the presence of anhydrous 
sodium acetate in acetic acid and acetic anhydride. The last method gives 
better yields [76JPR12; 86IJC(B)776] (Scheme 19). The structural assign¬ 
ments for the cyclization products obtained from the acid 82 and the 
arylidene product obtained from the thione 81 are 83 (76JPR12) and 84 
[86IJC(B)776], respectively, rather than the other possible isomeric struc¬ 
ture 85 and its arylidene derivative. These assignments were based on 
analogy to earlier work on their thiazole counterparts (71J0C10) and 
triazolo-pyrimidines (65JA1980). The final structural assignment for the 
cyclized product, therefore, must await unequivocal synthesis or strong 
spectral evidence. 
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N-N 

R^ n V-SCH 2 C02H 
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b. Thiazolo[2,3-cj-s-triazol-5(6H)-ones. 2-Phenylhydrazino-4-thiazo- 
lidinone (86, R = R 1 = H) and its 5-substituted derivatives, under¬ 
go cyclization on reaction with formaldehyde or aromatic aldehydes 
to give 2,3-dihydro-2-phenylthiazolo[2,3-c]-j-triazol-5(6//)-one (87, 
R = R' = R 2 = H) and its 3,6-disubstituted derivatives, respectively 
[76ZN(B)380] (Scheme 20). 

7. Thiazolo[3,2-'d]pyridin-3(2H)-ones 

Japanese workers were the first to use the reactive properties of nitrile 
compounds to synthesize thiazolo[3,2-a]pyridin-3(2//)-ones (77S839). 
Ethyl a-cyanocinnamate (88, R 3 = Ph, R 4 = C0 2 Et) reacts with ethyl mer- 
captoacetate in the presence of triethylamine to give 5-amino-2-benzyli- 
dene-6,8-bis(ethoxycarbonyl )-7-phenyl-7f/-thiazolo[3,2-a]pyridin-3(2//)- 
one (89, R 1 = R 3 = Ph, R 2 = R 4 = C0 2 Et), which is also obtained from 
the reaction of 5-benzylidene-2-ethoxycarbonylmethyl-2-thiazolin-4-one 
(90a) with ehtyl a-cyanocinnamate (77S839). Reaction of 90a,b with ben- 
zylidenemalononitrile (88, R 3 = Ph, R 4 = CN) and of 90c with ethyl 
a-cyanocinnamate furnish the respective bicyclic compounds 89 
[83ZN(B)781] (Scheme 21). Similar results were also obtained from 88 
(R 3 = furan-2-yl-or thiophen-2-yl) (86M105). 

Reaction of 91 and 92 with 88 furnishes the arylidene products 89 
[81S635; 84ZN(B)824; 87IJC(B)216], whereas the condensation of 92a with 
cyanoacetic acid hydrazide yields the parent bicyclic product 93 
(84JHC1885). Arylidene product 89 is presumed to have been obtained via 
the intermediate 5-benzylidene derivative of 91 and 92 formed by the 
addition of the active methylene in 91 and 92 to the activated double bond 
of benzylidene malononitrile with concomitant elimination of malononi- 
trile, which subsequently adds to the activated double bond of the interme- 





(8G) (87) 

R=H,R 1 =H,Ph 2 CH 

RR 1 * PhCH.p-MeOCgH^CH, o-CIC 6 H 4 CH 
R 2 =H,Ph, p'-MeOC6H4 


Scheme 20 
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a. R = CN a. R = CN a, R= Ph a, R=C0 2 H 

b. R = C0 2 Et b, R*C0 2 Et b, R=p-CIC 6 H 4 b, R= CONHNH 2 


Scheme 21 


diate to give 89. In the reaction of 92b with cyanoacetic acid hydrazide, the 
latter adds to the activated double bond of 92b and is followed by cycli- 
zation to give 93a via hydrolysis of the intermediate 93b. Similarly, 91a,b 
react with ethyl acrylate to afford 94a,b, respectively (83H1021). 

Synthesis of thiazolo[3,2-a ]pyridin-3(2//)-one can also be accomplished 
by an alternate route in which a thiazole ring is built onto a pyridine ring. 
Thus, copper-catalyzed reaction of piperidine-2-thione (95) with methyl 
diazoacetate affords 5,6-dihydro-7//-thiazo!o[3,2-«]pyridin-3(2//)-one 97) 
(80LA168) (Scheme 22). During the reaction uncyclized intermedi¬ 
ate (96) could not be isolated, it evidently cyclized immediately to the 
bicyclic product (97), whereas with the pyrrolidine-2-thione the corre¬ 
sponding uncyclized product was isolated (80LAI68) (Scheme 22). 

8. Thiazolo[3,2-aJpyrimidin-3(2H)-ones 

The synthesis of thiazolo[3,2-a]pyrimidin-3(2W)-ones has also been ac¬ 
complished by two routes. The first, commonly followed, is one in which a 


Cr^S * C^SCH 2 COMe 
H L J 

(95 ) (96 ) (97) 


Scheme 22 



Sec. II.A] 


CONDENSED 4-THIAZOLIDINONES 


19 


thiazole ring is built onto a pyrimidine nucleus by the reaction of py- 
rimidine-2-thiones with a-halogenoacids (ester or acid halides). The sec¬ 
ond route, in which a pyrimidine ring is built onto a thiazole nucleus, 
involves the reaction of 2-imino-4-thiazolidinones with malonic acid 
chloride or ethyl acrylate followed by cyclization of the intermediates 
isolated in some cases. 

a. From a Pyrimidine. Stephen and Wilson in 1928 reported 3,4,5,6- 
tetrahydropyrimidine-2-thione (98) did not react with ethyl chloroacetate 
in ethanol in the presence of ethoxide ion, but in pyridine medium, the 
uncyclized compound 99 was isolated (28JCS1415). Van Allan in 1956 
first synthesized and characterized the bicyclic compound 100a. Thus 
the thione 98, on reaction with ethyl chloroacetate at 145°C, yielded 4, 
5,6,7-tetrahydrothiazolo[3,2-fl]pyrimidin-3(2//)-one hydrochloride (100a) 
(56JOC24). The reaction of 98 with ethyl a-bromopropionate, l-cy- 
ano-3(phenyl)propylbenzenesulfonate (PhCH 2 CH2CH(CN)0S0 2 Ph), 
acetylenedicarboxylic esters, and diethyl dichloromalonate gave 100b 
(72IJC766), 101 (R = CH 2 CH 2 Ph) (60USP2933497), 102 (77MI1), and 
spiro compound (103) (71IJC1216), respectively. The free base 101 
(R = H) has been synthesized by reacting 98 with chloroacetic acid 
(83JIC970) or chloroacetyl chloride (81MIP1) in the presence of a base 
such as sodium acetate or by the basification of the hydrochloride 100a 
with potassium carbonate (83J1C970). 2-Alkyl-substituted bicyclic com¬ 
pounds (101, R = Me, Et, Pr, Pr-i) are obtained from the reaction of 98 
with appropriate halogeno acids or halogeno acid chlorides (81MIP1) 
(Scheme 23). 
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^N-^SCH 2 C0 2 Et k N >S 
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The bicyclic compounds obtained from unsymmetrical pyrimidine- 
thiones (104,107, and 110) can be represented by either structures 105 or 
106 (50BRP634951), 108 or 109 (83M13), and 111 or 112 (75FRP223371, 
75GEP2317109; 76JAP74126828), respectively (Scheme 24). No charac¬ 
terization of the cyclized products was attempted although cyclized prod¬ 
uct obtained from 104 was used in the preparation of merocyanine dyes 
(50BRP634952). 

4,6,6-Trimethyl-1,6-dihydropyrimidine-2-thione (113), on condensation 
with aromatic aldehydes in ethanolic KOH, gives arylidene derivatives 114 
which react with chloroacetic acid in the presence of anhydrous sodium 
acetate in acetic anhydride to afford a cyclized product formulated as 115 
(81MI1) that can also be represented by the alternate structure 116 
(Scheme 25). Similarly, the thione 113 reacts with chloroacetic acid and 
aromatic aldehydes in the presence of anhydrous sodium acetate in acetic 
acid and acetic anhydride to furnish a cyclized product for which structure 
117 has been assigned without any evidence (81 MU). The cyclized product 
can also be represented by the other isomeric structure 118. The bicyclic 
compound (115 or 116) condenses with aromatic aldehydes to give 
arylidene derivatives that are also obtained in a single-step synthesis 
involving the reaction of 114 with chloroacetic acid and aromatic al¬ 
dehydes in the presence of anhydrous sodium acetate in acetic acid and 
acetic anhydride. 

The thione 119, on reaction with chloroacetic acid, gives a mixture of the 
cyclized product 120 as well as the uncyclized acid 121, the former being 
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formed only in 10 percent yield. The mixture was resolved by column 
chromatography. When the reaction was carried out in the presence of 
boron trifluoride etherate in methanol, the cyclized compound 120 was the 
only isolable product [87IJC(B)556]. The assignment of structure 120, and 
not its isomeric structure 122, to the cyclized compound was based on the 
‘H-NMR data that revealed a downfield shift of proton H A (S 0.73) in the 
cyclized product 120 (R = Ph) when compared to that in 119 (R = Ph). 
Such a downfield shift of H A is not expected from alternative structure 122 
(Scheme 26). 

Thiones 123 react with chloroacetic acid in the presence of anhydrous 
sodium acetate in acetic acid and acetic anhydride to give a cyclized 
product for which structure 124 has been assigned (82MI1). The cyclized 
product could be isomeric structure 125. The same workers similarly 
obtained a product formulated as 126 from the reaction of the thione 123 
(n = 6) with chloroacetic acid (8IM12). Compound 126 reacts with aro¬ 
matic aldehyde to furnish the arylidene product 127 which is also obtained 
from the reaction of thione 123 (n = 6), chloroacetic acid, and aldehydes 
as well as from the condensation reaction of thiazolidinone 124 {n = 6) 



(122) (119) (120) (121 ) 

Scheme 26 
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Scheme 27 



(128) 


with aldehydes. No evidence was cited in support of structures 124,126, 
and 127. Deacetylation of 126 occurred during its condensation with al¬ 
dehydes (81M12). Although 126 has one acetyl carbonyl group and one 
lactam carbonyl group, it shows only one carbonyl peak at 1680 cm 1 in its 
1R spectrum, which makes structure 126 untenable. The product may exist 
as enolic structure 128, which is consistent with the 1R data (Scheme 27). 

Egyptian workers following the same reaction conditions reported the 
synthesis of cycloalkanethiazolopyrimidine systems (78M1I; 79M11; 
81M13). Thiones 129 react with chloracetic acid to give thiazolidinones 130 
that condense with aldehydes to yield arylidene thiazolidinones 131. Com¬ 
pound 131 is also obtained in a single step from the reaction of 129 with 
chloroacetic acid and aldehydes in the presence of anhydrous sodium 
acetate in acetic acid and acetic anhydride (Scheme 28). Here also the 
regiochemistry of the cyclized products is uncertain. 
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Scheme 28 
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b. From a Thiazole. There are only two instances that describe the 
synthesis of thiazolo[3,2-a]pyrimidin-3(2//)-ones through this route. 5,5- 
Dimethyl-2-imino-4-thiazolidinone (132) reacts with alkylmalonyl chloride 
to give the acids 133 which, on pyrrolytic dehydration, furnish 2,2-di¬ 
methyl - 6 - alk y 1 - 4,5,6,7- tetrahydro -2H- thiazolo [3,2-a]py rimidin -3,5,7- 
triones (134) (50JCS1127). A better result is obtained by heating the acid in 
a vacuum. Similarly, the bicyclic compound 137 is prepared by reacting 
5-arylidene-2-imino-4-thiazolidinones (135) with ethyl acrylate and then 
cyclizing the resulting intermediate esters 136 with acetic anhydride 
(75IJC238) (Scheme 29). 

9. Thiazolo[2,3-c][ 1,4]thiazin-3(2H)-ones 

A method involving the facile addition of mercaptoacetic acid across the 
double bond of an azomethine for the one-step preparation of 4- 
thiazolidinones has been used in the synthesis of thiazolo[2,3- 
c][l,4]thiazine-3(2//)-one. Thus, 27/-3,4-dihydro-l,4-thiazines (138) react 
with alkylmercaptoacetic acid at 100°C under nitrogen to give thiazolo[2,3- 
c][l,4]thiazin-3(2//)-ones (139) Similarly, 7//-hexahydro-l,4-benzothia- 
zine[138, RR 1 = (CH 2 ) 4 ] condenses with mercaptoacetic acid to yield 139 
[RR 1 = (CH 2 ) 4 , R 2 = R 3 = H] (64M1335) (Scheme 30). 



Scheme 30 
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10. Thiazolo[2,3-c][l,2,4]benzothiadiazin-3(2H)-ones 

The synthesis of a thiazolo[2,3-c][l,2,4]thiadiazin-3(2//)-one has so far 
not been reported. However, the synthesis of its benz-analog (144) has 
been achieved as illustrated in Scheme 31. The thione 140a reacts with 
ethyl a-chloroacetoacetate to give j3-ketoester 141a which, on treatment 
with acetic anhydride and pyridine, yields 6-chloro-2-ethoxycarbonyl-3- 
methylthiazolo[2,3-c][l ,2,4]benzothiadiazin-9,9-dioxide (142a). However, 
when the cyclization was carried out in acetic anhydride without pyridine, 
a different compound identified by spectral data as 6-chloro-2-(a- 
hydroxyethylidene) thiazolo|2,3-c][l,2,4]benzothiadiazin-3(2//)-one-9,9- 
dioxide acetate (143a) was obtained. The 'H-NMR spectrum of the prod¬ 
uct does not show an ethyl ester group, but it does show two methyl 
singlets at 8 2.32 and 2.72, while 1R spectrum exhibits two carbonyl 
absorptions at 1727 cm -1 (five-membered lactam formed with cyclization 
taking place at the ester carbon atom) and 1770 cm' 1 (acetoxy carbonyl 
group). The cyclization onto the nitrogen adjacent to the benzene ring 
rather than onto the sulfonamide nitrogen in 141a was supported by the 
large downfield signal of H A (8 8.95 in 143a) thus ruling out alternate 
structure 145a from which such a down-field signal is not expected 
(75JHC1207). Refluxing 143a in ethanol causes hydrolysis of the labile 
acetate group to furnish the enol 144a. Compounds 143b,c have also been 
synthesized by the same procedure from the respective starting materials 
140b, c (70USP3475425) (Scheme 31). 



(140) (141 ) (142) 



d45 ) (143 ) (144) 

a. R= 6-CI; b, R. 7- Me ; c, R- 8-OMe 

Scheme 31 
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11. Thiazolo-triazin-3(2W)-ones 

a. Thiazolol 1,2,4]triazin-3(2H)-ones. Fusion of 4-thiazolidinone and 

I, 2,4-triazine nuclei can be affected in two ways represented by thia- 
zolo[2,3-c]-[l ,2,4]-triazin-3(2//)-one (148) and thiazolo[3,2-fc]-[ 1,2,4]- 
triazin-3(2//)-one (157). Synthesis of both the systems have been accom¬ 
plished by building the 1,2,4-triazine nucleus onto the thiazolidinone 
nucleus or vice-versa. 

i. Thiaz.olo[2,3-cl-[1.2,4]-triazin-3(2H)-ones. 2-Hydrazino-4-thiazoli- 
dinone (146, R = H) reacts with chloroacetic anhydride to afford 147 
which, on pyrrolysis, readily cyclizes to give 2//,7//-5,6-dihydrothi- 
azolo[2,3-c]-[l,2,4]-triazin-3,6-dione (148) (72ZORI722). Reaction of phe¬ 
nyl derivative 146 (R = Ph) with ethyl bromoacetate gives cyclized prod¬ 
uct 2//,7//-7-phenyI-5,6-dihydrothiazolo[2,3-c]-[l,2,4]-triazin-3,5-dione 
(149) (84MI2) (Scheme 32). 

Reaction of l-methyltetrahydro-l,2,4-triazine-3-thione (150, R = Me) 
with ethyl bromoacetate gives 7//,7-methyl-5,6-dihydrothiazolo[2,3-c]- 

II, 2,4]-triazin-3(2//)-one (151, R = Me, R 1 = H) (70JHCI23I). Similar¬ 
ly, 150 (R = Me) reacts with a-cyanobenzyl p-toluene sulfonate 
lPhCH(CN)OTS] or a-cyanobenzyl bromide |PhCH(CN)Br] to afford 151 
(R = Me, R 1 = Ph) (71JHC621). Structure 151 was proved by its reduc¬ 
tion with diborane to 152, which was also obtained by an independent 
synthesis involving the reaction of 153 with thionyl chloride followed by 
base-catalyzed cyclization (70JHC1231; 71JHC621). To ascertain whether 
the methyl group at the 1-position in 150 (R = Me) influences the direction 
of cyclization, the thione 150 (R = H) was allowed to condense with 
a-cyanobenzyl-p-toluene sulfonate and ethyl a-bromophenylacetate. In 
both cases 151 (R = H,R‘ = Ph) was obtained. Compound 150, however, 
on reaction with 1,2-dibromoethane, furnished another bicyclic system 
(154). The difference in the behavior of 150 toward dibromoethane and 
other reagents such as ethyl bromoacetate and a-cyanobenzyl p-toluene 


p^X>- 


V-NH 


J NH _ 

^ s ^NNHCOCH 2 Cl 



(U6) (147) 

R= H 
R= Ph 


(148) 


Scheme 32 



26 


HRUSHI K. PUJAR1 


[Sec. II.A 


sulfonate is due to the presence of an sp 3 -functionalized carbon in the 
former and an sp 2 -functionalized carbon in the latter (71JHC621) (Scheme 
33). 


ii. Thiazolo[3,2-b]-[ i ,2,4]-triazin-3(2H)-ones. Reaction of 6-methyl-5- 
oxo-l,2,4-triazine-3-thione (155, R = Me) with bromoacetic acid in the 
presence of metallic sodium in ethanol gave a product, 2HJH-6- 
methylthiazolo[3,2-/>]-[l,2,4]-triazin-3,7-dione, for which structure 157 
was assigned (68ACH191). Later, when the reaction was repeated the 
product was found to be the uncyclized acid 156, which then was cyclized 
with acetic anhydride to bicyclic 157 (71JHC10I1). Structure 157 was 
established by its unequivocal synthesis; the cyclization of pyruvic acid 
hydrazone (158) in acetic acid/acetic anhydride (68ACH191). Thiones 
(155) react with chloroacetic acid and aromatic aldehydes in the presence 
of anhydrous sodium acetate in acetic acid and acetic anhydride to give 
2-arylidene derivatives 159 in a single step (74JPR163) (Scheme 34). 

The reaction of thione 155 with DMAD gives a cyclized product that can 
be represented by any of the four possible structures 160-163 
[84JCS(P 1)2707] (Scheme 35). The proton-decoupled 13 C-NMR spectrum 
did not show close similarities to either five-membered thiazolidinone (21) 
or six-membered thiazinone (22) (Scheme 3) [81JCS(P1)415]. The three- 
bond l3 C,H-coupling constants (78HCA607) of 4.9-6.2 Hz exhibited by 
the cyclized product could be explained as coupling between an amide 
carbonyl carbon and Ha. only present in structures 160 and 161 in cis 
configurations (750MR6I7; 76JOC3863 ; 780MR197; 800M200; 
810MR316) The lack of vicinal coupling 3 J( I3 C,H) between the ester car¬ 
bonyl carbon and H A ruled out the six-membered thiazinone structures 162 
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and 163. Structure 160 and not 161 was finally assigned to the cyclized 
product on the basis of a comparison of the chemical shift of the carbonyl 
carbon of the triazine ring with that of compounds of known structure 
[84JCS(P 1)2707]. This is the first example in which 13 C-NMR chemical 
shifts have been used to settle the orientation of cyclization. 

Reaction of 4,5-dihydro-5,6-diphenyl-l,2,4-triazine-3-thione (164) with 
chloroacetic acid gave a product for which structure 167 was assigned by 
Ali et al. (75IJC109) by analogy with the work on 168 of Bogachev and 
Fomenko (66URP175968) and also of Trepanier and Kreiger on 151 
(70JHC1231). Later, 167 was modified to 6,7-diphenyl-7//-thiazolo[3,2- 
fc]-[L2,4]-triazin-3(2tf)-one (165) [77IJC(B)46], Unfortunately, Ali and co- 
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workers (75IJC109) are not justified in citing the structural analogy of the 
Russian workers (66URP175968) whose work itself lacks supporting evi¬ 
dence. Comparison with the work of Trepanier and Krieger (70JHC1231) 
seems to be invalid because 164 and 150 (R = Me) cannot be compared 
because of the presence of a C-5 phenyl group in 164 and an N 1 -methyl 
group in 150 (R = Me). In fact, the work of American workers, if studied 
in depth, would suggest that the reaction of 164 with chloroacetic acid 
should result in the formation of 165 rather than 167. Cyclization in a 
pyrimidine series where steric repulsion due to a substituent plays a promi¬ 
nent role has also been reported (67JHC577). The structural assignment of 
165 for the cyclized product obtained from 164 was confirmed by 'H-NMR 
data. The benzyl proton in 166, obtained from the reaction of 164 with 
1,2-dibromoethane, resonates at 6 5.95, and the signal at S 5.84 exhibited 
by the cyclized product confirms structure 165 and rules out structure 167 
since the benzyl proton in 167 would resonate at a lower field than 5.95 
because of the deshielding effect of the carbonyl group [77IJC(B)46]. The 
stability of the intermediate formed (not isolated) in the reaction of 164 
with chloroacetic acid also supports structure 165 [77IJC(B)46] (Scheme 
36). 

b. Thiazolo[3,2-d]-[1,3,5]-triaz.in-3(2H)-ones. 7A/-5,7-Disubstituted- 
5,6-dihydrothiazolol3,2-u]-[ 1,3,5]-triazin-3(2//)-ones (170) are obtained by 
cyclization of the acids (169) in a straightforward manner [76ZN(B)1397] 
(Scheme 37). 

12. Thiazolo[2,3-c]-[ 1,2,4]benzotriazin-3(2H)-ones 

2,3-Dihydro-1,2,4-benzotriazine-3-thiones (171a,b) react with halo- 
genoacid in the presence of fused sodium acetate in anhydrous ethanol to 
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Scheme 37 


give the acids 172a, b which, on treatment with acetic anhydride and 
pyridine, furnish cyclized products. Structure 9//-thiazolo[2,3-c]-[ 1,2,4]- 
benzotriazin-3(2//)-one (173) and not the alternate structure, 5 H- 
thiazolo[3,2-6HI,2,4]-benzotriazin-3(2//)-one (174), was assigned to the 
cyclized products because of the chemical shifts of H A in 175 obtained 
from the reaction of 171 and 1 ,2-dibromoethane. H A in 175b resonates at 5 
7.02 and the signal at 8 7.52 (due to the deshielding effect by the carbonyl 
group) exhibited by the cyclized product obtained from acid 172b supports 
structure 173b. Such a downfield shift would not be expected from 174b 
(80HI49) (Scheme 38). 

13. Thiazolo[3,2-b]-( 1,2,4,5]tetrazin-3(2H)-ones 

Reaction of the dithione 176 with ethyl chloroacetate gives 7//-6- 
thioxo-5,6-dihydrothiazolo[3,2-6]-[1,2,4,5]-triazin-3(2A/)-one (177) and a 



(175) 



Scheme 38 




dilactam which can be represented by either 178 or 179. No attempt was 
made to characterize the dilactam (61 ACS 1575) (Scheme 39). 

14. Oxospiro[cycloalkane-l,3'(4'H)-(2H)thiazolo[3 ,2-b/- 
[ l ,2,4,5]tetrazines] 

Reaction of tetraazaspirocycloalkanethiones (180a-g) with chloroacetic 
acid and sodium acetate in ethanol results in the facile synthesis of 
6'(7'//)-oxospiro[cycIoalkane-l,3'(47/)-[2//]thiazolo[3,2-fc]-[l,2,4,5]-tet- 
razines] (181a—g) confirmed by IR, NMR, and mass spectra. The thiones 
180, on condensation with ethyl chloroacetate and aromatic aldehydes 
in the presence of pyridine and piperidine, affords the arylidene- 
thiazolidinones 182 which are also obtained from 181 and aldehydes 
[81IJC(B)296; 82IJC(B)315; 85IJC(B)1227; 86IJC(B)354, 86IJC(B)812; 
87IJC(B)437, 87IJC(B)739] (Scheme 40). 
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15. Oxospirolindan- 1,3'(4'H)-(2H)lhiazolo[3,2-b]-[1,2,4,5]- 
tetrazines] 

3-Phenyl- (183a) and 3-methylspirolindan-l,3'[l,2,4,5]tetrazine]-6- 
thione (183b), obtained from the reaction of thiocarbohydrazine with 3- 
phenylindan-l-one and 3-methylindan-l-one, react with chloroacetic acid 
to give 3-phenyl- (184a) and 3-methyl-6'(7'//)-oxospiro[indan-l,3'(4'//)- 
[2//]thiazolol3,2-6]-[l,2,4,5]tetrazine] (184b), respectively, in good yields 
(87UP1,87UP2). The methyl analog 184c is also synthesized from the 
reaction of 183b with a-chloropropionic acid (87UP2). Structures (184a-c) 
are confirmed by IR, NMR, and mass spectral data (Scheme 41). 

16. Thiazolo[3,2-a]-[1,3]diazepin-3(2H)-ones 

Reaction of 4,5,6,7-tetrahydro-l,3-diazepine-2-thione (185) with ethyl 
chloroacetate and ethyl a-bromopropionate at 140-45°C for 30 min gives 
5,6,7,8-tetrahydrothiazolo[3,2-a]-[l,3]diazepin-3(2//)-one hydrochloride 
(186a) and its 2-methyl analog (186b), respectively (69AJC2697) (Scheme 
42). The reaction of thione (185) with chloroacetic acid when carried out in 
an aqueous medium gave 3-(8-aminobutyl)thiazolidine-2,4-dione hydro¬ 
chloride (187). The formation of 187 is presumed to be via 186a, which 
undergoes hydrolysis by hydrochloric acid generated in the reaction to 
afford 187. The identity of 187 was proved by its conversion to the ben- 
zylidene derivative which was also obtained by the acid hydrolysis of 
benzylidene derivative of 186a (69AJC2697). Compound 185 reacts with 
DMAD to furnish a cyclized product for which the thiazolidinone structure 
188 and not the alternate thiazinone structure 189 was assigned on the basis 
of l3 C-NMR spectral data [77JCS(P2)1070; 81JCS(P1)415], 
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17. Thiazolobenzodiazepinones 

All four possible structural isomers of thiazolobenzodiazepinones, 
namely, thiazolo[l,3]benzodiazepinone, thiazolo[l,4]benzodiazepinone, 
thiazolo[l,5]benzodiazepinone, and thiazolo[2,4]benzodiazepinone have 
been synthesized. 

a. Thiazolo[2,3-b]-[1,3]benzodiazepin-3(2H)-ones. 4,5-Dihydro-5- 
methyl-1,3-benzodiazepine-2-thione (190) reacts with ethyl chloroacetate 
and ethyl a-bromo-w-hexanoate to give 5,6-dihydro-6-methylthiazolo[2,3- 
6]-[l ,3]benzodiazepin-3(2//)-one (191a) and its 2-«-butyl analog (191b); the 
latter is isolated as its hydrochloride (69JHC491). The structural assign¬ 
ment for cyclized product 191 was based on 'H-NMR spectral data; the 
product did not show a large downfield shift of an aromatic proton (H A ) 
which rules out the other alternate structures 192. A downfield shift of H A 
would have been observed because of the deshielding effect of the car¬ 
bonyl group on peri-proton (H A ) had the ring closure occurred on the other 
nitrogen atom (Scheme 43). 

b. Thiazolol1,4]benzodiazepinones. The method involving the facile 
addition of mercapto acetic acid across the double bond of the azometh- 
ine in a one-step synthesis of 4-thiazolidinone has been used in the syn¬ 
theses of (i) thiazolo[3,2-«]-[l,4]benzodiazepin-!(2//)-one (194), (ii) thia- 
zolo[3,2-</]-| 1 ,4]benzodiazepin-3(2//)-one (198), and (iii) .v-triazolo[4,3-«]- 
thiazolo[3,2-</|-|I,4]benzodiazepin-3(2//)-ones (200, 202). 
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a, R = H 

b, R--CH 3 (CH 2 )3 

Scheme 43 


Refluxing 7-chloro-5-phenyl-3//- 1,4-benzodiazepine (193) with mercap- 
toacetic acid in benzene for 23 hr affords a mixture of 3a,4-dihydro-8-chlo- 
ro-6-pyenylthiazolo[3,2-a]-[l,4]benzodiazepin-l(2//)-one (194) and the di¬ 
lactam (195) which are separated by column chromatography on silica gel 
(74JOC167) (Scheme 44). Coffen and co-workers have also reported that 
benzodiazepine containing a sulfide bridge (196), obtained by the reaction 
of 193 with hydrogen sulfide, reacts with mercaptoacetic acid in telrahy- 
drofuran to furnish only the monolactam 194 (75USP3850948; 
76USP3906001). However, with 1,4-benzodiazepinone as a substrate, a 
much longer reaction time was needed. 7-Chloro-1-methy 1-5-phenyl-1,3- 
dihydro-2//-l,4-benzodiazepin-2-one (197), on refluxing with mercap¬ 
toacetic acid in benzene for five days, furnished the desired condensed 
thiazolidinone (198) (74JOC167). 



(196) (197) 

Scheme 44 
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5-Triazolo[4,3-a]-[l,4]benzodiazepines (199, 201) condense with mer- 
captoacetic acid in benzene or xylene to furnish the corresponding tetracy¬ 
clic thiazolidinone compounds 200 (74JOC167; 76JAP74109398) and 202 
(75JAP7412699) (Scheme 45). The easy lactam ring formation leading to 
the synthesis of 194, 195,198, 200, and 202 is not surprising in view of the 
work describing the formation of the amide from mercaptoacetic acid and 
ethylamine (71JPR849). 

Mesoionic thiazolones obtained by the reaction of cyclic thioamide and 
a-halogenoacid possess an acidic hydrogen atom. This hydrogen migrates 
to the carbon a with respect to the carbonyl functionality. Thus 3N-7- 
chloro-5-phenyl-l,4-benzodiazepine-2-thione (203) reacts with bro- 
moacetic acid, and subsequent cyclization of intermediate 204 with acetic 
anhydride and triethylamine affords 8-chloro-6-pyenylthiazolo[3,2-a]- 
[ 1,4]benzodiazepin-1 (2//)-one (205) (76USP3897446) (Scheme 46). 

c. Thiazolo[3,2-a]-[ / ,5Jbenzodiazepin-l(2H)-one. In a similar fashion, 
3//-4-amino-3-ethoxycarbonyl-l ,5-benzodiazepine-2-thione (206) reacts 
with methyl a-bromopropionate to furnish 5-amino-4-ethoxy-carbonyl- 
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2-methylthiazolol3,2-a]-( 1 ,5]benzodiazepin- I (2//)-one (207) (74E- 
GP105235) (Scheme 47). 

d. Thiazolo[3,2-b]-[2,4]benzodiazepin-3(2H)-ones. Reaction of 1/7-4,- 
5-dihydro-2,4-benzodiazepine-3-thione (208) with ethyl chloroacetate and 
ethyl a-bromo-H-hexanoate gives 5,10-dihydrothiazolol3,2-fc]-[2,4] 
benzodiazepin-3(2//)-one (209a) isolated as a hydrochloride and its 2-n- 
butyl analog (209b), respectively as expected (68JHC609) (Scheme 48). 

18. Thiazolo[2,3-d]-[1,5]benzoxazepin-l(2R)-ones 

Synthesis of thiazolo[2,3-t/]-[l,5]benzoxazepin-l(2//)-one has been 
achieved by the condensation of [l,5]benzoxazepinethione with a,/3-bi- 
functional compounds. 2-Amino-3-ethoxy-carbonyl-l ,5-benzoxazepine- 
4-thione (210) reacts with chloroacetic acid (or its ethyl ester) to give 
4 - ethoxycarbony I - 5 - iminothiazolo [ 2,3 -d]-[ 1,5]benzoxazepin-1 (2//)-one 
(211a) (74EGP105235; 84M13). Similarly, 210 reacts with ethyl a-halopro- 
pionate, ethyl 2-chloro-3-anilinocrotonate, and oxalyl chloride to afford 
211b and 212a,b, respectively (84MI3) (Scheme 49). 



( 208 ) ( 209 ) 
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Scheme 49 



a, R = H 


b, R = Me 


19. Thiazolo[3,2-a]-[ 1,3]diazocin-3(2H)-ones 

Dehuri and Nayak (83JIC970) reported that 3,4,5,6,7,8-hexahydro- 
1 ,3-diazocine-2-thione (213), obtained from 1 ,5-dibromopentane and thi¬ 
ourea in boiling ethanol, reacts with chloroacetic acid or its ethyl ester 
followed by basification to give 5/f-6,7,8,9-tetrahydrothiazolo[3,2-a]- 
[1 ,3]diazocin-3(2//)-one (214). The reaction of 213 with ethyl chloroacetate 
was not smooth and the yield was low. The thione 213, on reaction with 
ethyl chloroacetate and aromatic aldehydes in the presence of pyridine and 
piperidine, furnishes the arylidene product 215 which is also obtained from 
214 and aromatic aldehydes. No spectral data are cited to confirm the 
thiazolidinone structures 214 and 215 (Scheme 50). 

20. Thiazolo[2,3-b]-[ 1,3]benzodiazocin-3(2H)-one 

There is only one publication reporting the synthesis of this system. 
Reaction of 3,4,5,6-tetrahydro-l,3-benzodiazocine-2-thione (216) with 


ClCH2C02Et , RCHO 
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Scheme 50 
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(216) (217) (218) 

Scheme 51 


chloroacetic acid gave a cyclized producl for which Ihe structure 5H- 6.7- 
dihydrothiazolo[2,3-6]-ll,3]benzodiazocin-3(2//)-one (217) was assigned 
without any evidence (77MI3) (Scheme 51). The cyclized product could 
also be represented by the alternate structure 218. 

21 . Thiazolo[3,2-a]-[ 1,3]diazonin-3(2H)-ones 

l//-Hexahydro-l ,3-diazonine-2-thione (219), obtained from the conden¬ 
sation of 1,6-dibromohexane and thiourea, reacts with chloroacetic acid to 
give 5,6,7,8,9,10-hexahydrothiazolo(3,2-fl]-[l,3]diazonin-3(2//)-one (220). 
The thiazolidinone (220) is also obtained, albeit, in low yield by heating 
thione 219 and ethyl chloroacetate, followed by basification. Compound 
219, on reaction with ethyl chloroacetate and aromatic aldehydes in the 
presence of pyridine and piperidine, furnishes directly the arylidene thia¬ 
zolidinone 221 which is also obtained by condensation of 220 with al¬ 
dehydes (83J1C970) (Scheme 52). No spectral data are reported to confirm 
the thiazolidinone structures. 

22 . Thiazolo[3,2-a]-[ 1,3]diazecin-3(2H)-ones 

Reaction of octahydro-l,3-diazecine-2-thione (222) with chloroacetic 
acid or ethyl chloroacetate gives 6,7,8,9,!0,l!-hexahydro-5//-thiazolo- 
[3,2,-r/]-[l,3]diazecin-3(2//)-one (223). As in earlier cases, the reaction of 


ClCH2C02Et , RCHO 



(219) 


( 220 ) 
Scheme 52 


(221) 
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222 with ethyl chloroacetate was not smooth and the yield was low. 
Compound 222 reacts with ethyl chloroacetate and aldehydes in the 
presence of pyridine and piperidine to yield arylidene thiazolidinones 
(224), which are also obtained from 223 and aldehydes (83JIC970) (Scheme 
53). Thiazolidinone structures 223 and 224 have not been characterized by 
spectral data. 

23. Thiazolo[3,2-a]-[ 1,3]diazacycloundecan-3(2H)-ones 

1,3-Diazacycloundecane-2-thione (225) reacts with chloroacetic acid or 
its ethyl ester to give thiazolo[3,2-a]-[],3]-diazacycloundecan-3(2//)-one 
(226). The thione (225), on reaction with ethyl chloroacetate and al¬ 
dehydes, gives 227 which is also obtained by the condensation of 226 with 
aldehydes (83JIC970) (Scheme 54). No spectral data are cited. 

24. Thiazolo[3,2-&]-[l,3]diazacyclododecane-3(2H)-ones 

Condensation of 1,3-diazacyclododecane-2-thione (228) with chloro¬ 
acetic acid or its ethyl ester yields thiazolo[3,2-a]-[l ,3]diazacyclododecan- 
3(2//)-one (229). Thione 228, on reaction with ethyl chloroacetate and 
aldehydes, furnishes 230 which is also obtained from 229 and aldehydes 
(83JIC970) (Scheme 55). No spectral data are cited. 


ClCH 2 C0 2 Et ,RCH0 



(225) (226) (227) 


Scheme 54 
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ClCH2C02Et, RCHO 



(228) (229) (230) 

Scheme 55 


25. Thiazolo[3,2-a]-[1,3]diazacyclotridecane-3(2H)-ones 

l,3-Diazacyclotridecane-2-thione (231) reacts with chJoroacetic acid or 
ethyl chloroacetate to furnish thiazolo [3,2-a]-[l,3]diazocyclotridecane- 
3(2//)-one (232). Compound 231, on condensation with ethyl chloroacetate 
and aldehydes in the presence of pyridine and piperidine, yields arylidene- 
thiazolidinone (233) which is also obtained from 232 and aldehydes 
(83J1C970) (Scheme 56). No spectral data are recorded. 

Although the synthesis of condensed thiazolidinones (214,220,223,226, 
229 and 232) are accomplished in a straightforward manner, structures 
must await spectral studies. Moreover, structures of thiones 213,219,222, 
225, 228 and 231 used as the starting materials are not established beyond 
doubt. 

26. Bis-(thiazolo)-[3,4-b:3',2'-d]-s-triazol-3(2H)-ones 

Bis-(4-thiazolidinones) (234), on treatment with concentrated sulfuric 
acid, undergo cyclodehydration to furnish 7//-bis-(thiazolo)-[3,4-6:3', 
2'-d]-s-triazol-3(2//)-ones (235) (85JIC147) (Scheme 57). Compounds 235 
in general were found to be more potent herbicides than their precursors, 
234, suggesting that 235 must be compact and possess planar structure. 


CICHTCCbEt , RCHO 



(2 32) 

Scheme 56 


(2 31) 


(233) 
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l234) (235) 

Rialkyl.aryl 

Scheme 57 


This conforms with earlier observations that compact size and planarity of 
a molecule often enhance its herbicidal activities [56N(L)1042; 63MI1; 
76T615]. 

27. Pyrrolof2,3:4',5']pyrrolo[2',1'-bJthiazol-3 (2 H pones 

Reaction of 4-thiazolones ( 236 ) with (V-arylmaleimides gives 5,8- 
disubstituted pyrrolo[2,3:4',5']pyrrolo[2', 1 '-6]thiazol-3,6-(2//,7//)-diones 
( 237 ) (83H1021) (Scheme 58). 

28. Thiazolo[3,2-a)thiopyrano[4,3-d]pyrimidin-3(2Yl)-ones 

2,6-Diphenyl-3,5-bis-(arylidene)-thiopyrane-4-one ( 238 ), on conden¬ 
sation with thiourea in basic medium, gives thione 239 which reacts with 
a-halogenoacids to furnish a cyclized product for which the structure 
2-///aryl-5-aryl-9-arylidene-6,8-diphenylthiazolo[3,2-a]thiopyrano[4,3-c/]- 
pyrimidin-3(2//)-ones ( 240 ) was assigned (85MI1) (Scheme 59). The other 
possible isomeric structure 241 could also represent the cyclized product. 


'f —N 

C 5 ^CH 2 R 1 + 

(236 ) 



(237) 


R--Ph, p-MeCgfy 
R 1 ,CN,C0 2 Et 

Scheme 58 
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(238) ( 239) (240) (241 ) 


R = Ph,p-ClCGH4 
R^H.Me 


29. Thiazolo[3,2-a.]indol-3(2H)-ones 

Synthesis reported by American workers of the reaction of -y-oxo-indol- 
I-butanoic acids with thionyl chloride serves as a convenient method for 
this relatively inaccessible tricyclic system (79JOC3994). The reaction of 
-y-oxo-3-[(methoxycarbonyl)methyl]indol-1-butanoic acid (242a) with 
thionyl chloride followed by treatment with methanol gives (Z)-methyl 
2,3-dihydro-2-(2-methoxycarbonylethylidene)-3-oxo-thiazolo[3,2-a]indol- 
9-acetate (243a). Similarly, reaction of 242b with thionyl chloride and 
subsequent treatment with methanol and neopentyl alcohol gives 243b and 
243c, respectively (Scheme 60). The structural assignment of 243, as op¬ 
posed to thiazinone structure 244, was based on ‘H- and ,3 C-NMR spectra 
along with a comparison to 2-ethoxycarbonylethylidenethiazolo[3,2-a]- 
benzimidazol-3(2//)-one (23). In the 'H-NMR spectrum of 243b, the ap¬ 
pearance of H A as a multiplet of 6 8.0 (which is close to the corresponding 
value 8 7.9 for 23) supports structure 243b as opposed to the alternate 
isomeric structure 244b whose S H A is predicted to be at lower field 
(75KGS47; 79TL53). In l3 C-NMR, the chemical shift and long-range C—H 
coupling constants in the unsaturated 1,4-dicarbonyl moiety of 243b favor¬ 
ably tally with that of 23. Again the value of the coupling constant between 
amide carbon and olefinic proton found in 243b is similar to that obtained in 
23, suggesting the Z-geometry in 243 is similar to that in 23 (79TL53) (See 
Section III). 

A straightforward synthesis of this system involves the addition of 
mercaptoacetic acid or its ester across the double bond of the azomethine 
linkage. 3,3-Dimethyl-2-ethoxycarbonyl-l-indolene (245) reacts with ap¬ 
propriate mercaptocaids (or esters) to give the corresponding thiazolo[3,2- 
fl]indol-3(2//)-ones (246) (74LA206) (Scheme 60). 
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(242) 

a, R^CC^Me 

b, R^.H 



(243) (244) 

a. R 1 -C02Me,R 2 =Me 

b. r’-H. R 2 =Me 

c. R 1 * H. R 2 =CH 2 CMe 3 




Me Me 
(246) 


Scheme 60 


30. Thiazolo[3,2-a]benzimidazol-3(2H)-ones 

The synthesis of thiazolo[3,2-a]benzimidazol-3(2//)-one (249a) was first 
reported by Stephen and Wilson (26JCS2531; 29MI1) in 25% yield by 
cyclization with metallic sodium in refluxing benzene of ethyl/methyl 
benzimidazo-2-thiolacetate (248, R = H, R 1 = Et/Me) obtained from 
benzimidazolyl-2-thione (247) with ethyl/methyl chloroacetate. Later, 
Duffin and Kendall (50BRP634951; 51JCS734; 56JCS361) obtained 249a in 
64% yield by the cyclodehydration of the acid 248 (R = R' = H) with 
acetic anhydride in pyridine. The method of Duffin and Kendall has been 
followed by other workers for the synthesis of 249a (63ZOB945; 
65ZOB1276) and 249 (R = alkyl) (68CPB2167; 69IJC769). Although a few 
minutes of heating acid 248 in a mixture of acetic anhydride and pyridine 
for cyclodehydration is enough, unnecessary prolonged heating of acid 248 
(R = R 1 = H) for 5 hr is reported for the synthesis of 249a (75JIC1193). 
Compound 249a is also obtained in 98% yield by heating acid 248 
(R = R 1 = H) with dicyclohexycarbodiimide (DCC) in pyridine, 
(68KGS443), refluxing the ester 248 (R = H, R 1 = Et) in o-dichloroben- 
zene, albeit in poor yield (30%) (56JOC24), or by oxidizing 250 with 
chromium trioxide in pyridine (67CJC2903). The synthesis of 249a from 
250, obtained from the thione 247 and chloroacetaldehyde, fixes the po¬ 
sition of the hydroxyl group at the 3-position in 250 which, on dehydration 
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with phosphoryl chloride in pyridine, gives thiazolo[3,2-a]benzimidazole 
(251). This establishes unambiguously the involvement of sulfur rather 
than nitrogen in the condensation reaction between the thione 247 and 
a-halogenocarbonyl compounds. 

Reaction of 247 with chloroacetic acid in the presence of sodium acetate 
in ethanol gave a product with a melting point of 212°C formulated as 249a 
(60M11; 61UKZ503) which, on treatment with hydrochloric acid, yielded a 
compound with a melting point of 182°C for which structure 2,4- 
thiazolidinedione (252) was assigned (61UKZ503) without any evidence. 
However, on the basis of the melting points, the compounds with melting 
points of 212°C and 182°C are probably the acid 248 [R = R 1 = H; melting 
point = 211-212°C (65ZOB1276) or 215°C (69IJC769)] and the cyclized 
product 249a [melting point = 18I°C (56JCS361)], respectively, instead of 
249a and 252, respectively, as reported by Russian workers (60MI1; 
61UKZ503) (Scheme 61). 

The thione 247 reacts with chloroacetic acid and aldehydes in a mixture 
of acetic acid and acetic anhydride to give arylidene thiazolidinone (253) 
[86IJC(B)776] which can also be obtained by the reaction of aldehydes 
with acid 248 (R = R 1 = H)(56JOC24;72MIl) or with thiazolidinone 249a 
(56JCS361). 

Likewise, thiones 254a-d react with chloroacetic acid; subsequent heat¬ 
ing of the intermediate acids 255a-d with acetic anhydride in pyridine 



(25 3) (252) 



(251 ) 


(250 ) 


Scheme 61 
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furnishes the corresponding thiazolo[3,2-a]benzimidazol-3(2//)-ones 
(256a-d) (70IJCI0; 7IKGS822; 86IJC(B)267] (Scheme 62). 

Reaction of benzimidazolyl-2-thione (247) with (phenylimino)oxalic acid 
dichloride [69MI2; 7IKGS47I) and (arylhydrazono)oxalic acid dichloride 
(69MI2; 70URP256774; 71K.GS930) gives 2-phenyliminothiazolo[3,2-«l- 
benzimidazol-3(2//)-one (257, R = Ph) and 2-arylhydrazinothiazolo- 
[3,2-a]benzimidazol-3(2//)-ones (257, R = R'C 6 H 4 NH, R 1 = o-NO, 
R 1 = o-MeO, R‘ = p-Me) respectively (Scheme 63). 

The easy ring-opening behavior of hexafluoro-1,2-epoxypropane in the 
presence of a nucleophile has also been useful as a synthetic tool for the 
preparation of thiazolo[3,2-a]benzimidazol-3(2//)-ones. Sodium salt of 
benzimidazolyl-2-thionc (247) reacts with hexafluoro-1,2-epoxypropane in 
an aprotic solvent, such as dioxane or CH 3 CN, to give 2-fluoro-2-(triflu- 
oromethyl)-thiazolo[3,2-a]benzimidazol-3(2//)-one (260) (81S981). The 
sodium salt of thione 247, acting as a nucleophile, readily attacks the 


(258) 



(24 7) 




1,9 


>-s 


XT 3 



(257) 


(260) 


(259) 
Scheme 63 
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central carbon atom of hexafluoro-1,2-epoxypropane to give acyl-fluoride 
intermediate 259 which undergoes intramolecular cyclization to afford 260 
(Scheme 63). 

If mesoionic thiazolone, initially formed by the reaction of cyclic thio- 
amide with dicyanooxirane, possesses an acidic hydrogen atom at the 
a-position to the carbon atom located between the sulfur and nitrogen, this 
hydrogen atom migrates onto the carbon bearing the aryl group to give 
thiazolo[3,2-a]benzimidazol-3(2//)-one. Thione 247 reacts with 2,2- 
dicyano-3-p-nitrophenyl-oxirane to afford 2-p-nitrophenylthiazolo[3,2-a]- 
benzimidazol-3(2//)-one (258) in a single step (81S981) (Scheme 63). 

2-Acetonylmercapto-l-alkoxycarbonylbenzimidazole, in the presence 
of sodium hydride or organic bases such as l,5-diazabicyclo[4,3,0]-5- 
nonene (DBN) and triethylenediamine (TED), yields the N -» C ester 
transfer products, while its aromatic ester counterpart gives thiazolidinone 
where the N -* C ester transfer product is an intermediate, although not 
isolated. 2-Acetonylmercapto-l-phenoxycarbonylbenzimidazole (262), 
obtained by the successive reactions of 247 with chloroacetone and the 
intermediate ketone (261) with phenyl chloroformate, in the presence of 
sodium hydride in tetrahydrofuran (THF), gives 2-acetylthiazolo[3,2- 
a]benzimidazol-3(2//)-one (264) (77TL275). Structure 264 was confirmed 
by its conversion to 266 with excess ethyl chloroformate via enol 265, 
which undergoes esterification, and also by its independent synthesis 
involving the reaction of 267 with phenyl acetoacetate in the presence of 
sodium hydride in THF. This fact suggests that 263, the N -» C ester 
transfer product, is involved as an intermediate in the formation of 264 
from 262 (Scheme 64). 

Sulfide 269 (R = H), obtained from benzimidazolyl-2-thione (268a) and 
ethyl a-chloroacetoacetate, undergoes cyclization with acetic anhydride 
and pyridine to give thiazole (270) (64JOC865). This reaction was reinves¬ 
tigated to determine whether sulfide 269 (R = H), in acetic anhydride in 
the absence of pyridine, would provide an alternative thiazolidinone as 
obtained in the benzothiadiazine series (143). Heating sulfide 269 (R = H) 
in acetic anhydride in the absence of pyridine yielded two products iden¬ 
tified as 270 and 271 (R = H, R 1 = Ac). Refluxing the latter in ethanol, as 
anticipated, caused hydrolysis of the enol acetate to give 265 
(70USP3475424; 75JHC1207) (Scheme 65). Similarly, thiazolidinone (271, 
R = Cl, R 1 = COEt) was obtained by heating 269 (R = Cl) in propionic 
anhydride (70USP3475424), although the regiochemistry of the chlorine 
atom in the benzene ring is uncertain. 

Thione adds to the unsaturated carbon—carbon linkage of maleic an¬ 
hydride probably by a Michael-type reaction, subsequent cyclization re¬ 
sults in the synthesis of 4-thiazolidinone derivatives. The reaction of thi- 
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ones 268a-d with maleic anhydride in boiling dioxane gives condensed 
thiazolidinones (272a-d) (75JAP7495997) (Scheme 65). However, in the 
case of 272c,d, the regiochemistry of the substituent in the benzene ring is 
not secure. 

Reaction of thioureas with acetylene dicarboxylic esters represents one 
of the knotty problems encountered in 4-thiazolidinone chemistry. The 
reaction of N,N'-disubstituted thioureas with DM AD has been claimed to 
give thiazinones (67CB3671, 67CJC939) or thiazolidinone (64JA107; 
73CPB270). The confusion has, however, been removed by settling in 
favor of thiazolidinone on the basis of chemical evidence [71CI(L)705], 
X-ray analysis (70CC890), and l3 C-NMR spectroscopy by application of a 
C—H spin coupling constant (78HCA607). But a benzimidazolyl-2-thione, 
like imidazolyl-2-thione, reacts with acetylene dicarboxylic ester to give 
condensed thiazolidinones and/or condensed thiazinones, depending on 
the solvent used and the reaction conditions as illustrated in Scheme 66. 
The reaction of 247 with DM AD in acetic acid was first studied by Grinblat 
and Postovskii (61ZOB394) and then by Liu and co-workers (77MII); only 
2-(methoxycarbonyl)methylidenethiazolo [3,2-«)benzimidazol-3(2//)-one 
(23) was isolated. The reaction was repeated by English workers 
(78TL262I) who obtained 23 in addition to a second cyclized product. The 



(273) 
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structure of 23 was confirmed by X-ray crystallography as well as by 
independent synthesis from 247 and maleic anhydride in glyme followed 
by sequential treatment of 272a with diazomethane in THF and bromine in 
acetic acid. Six-membered thiazinone structure 24 was tentatively sug¬ 
gested on the basis of 'H-NMR spectroscopy for the second cyclized 
product, which they were unable to isolate cleanly. 

Much insight came from the work of Wade (79JOC1816), who studied 
the reaction of 247 with DMAD under different conditions and character¬ 
ized the products. Reaction of 247 with DMAD in methanol at refluxing 
temperature for 19 hr, or kept at room temperature for several days, gave 
exclusively structure 24 in —90% yield. Hydrolysis and thermal decom¬ 
position of 24 yielded a compound that is identical with 275, independently 
obtained by the addition of ethyl propiolate to 247 followed by thermal ring 
closure of the intermediate ester 274. Prolonged reaction of 247 with 
DMAD in methanol yielded exclusively structure 24; reaction for a shorter 
time gave a mixture of three compounds, 23,24, and 273, the exact ratio of 
which depended on the reaction time, temperature, and the solvent used as 
revealed by 'H-NMR spectroscopy. When the reaction was carried out for 
a very short time (8 min) at low temperature (-1°C), the initial Michael 
addition product 273 was the only isolable product. The reaction in an 
NMR tube confirmed the simultaneous formation of both cyclized prod¬ 
ucts 23 and 24 from the uncyclized product 273. A good yield of structure 
23 (70%) was isolated by careful preparative liquid chromatography by 
using ethyl acetate-benzene from the mixture of 23 and 24 obtained from 
the reaction of 247 and DMAD in THF carried out at room temperature 
overnight. The rearrangement of 23 to 24 was demonstrated by refluxing 23 
in methanol overnight; this affected complete conversion of 23 to 24. 
Conducting the rearrangement in an NMR tube in deuterated methanol 
furnished deuterated ester 24, suggesting that rearrangement involves 
reversion of 23 to 273 by methanolysis of the amide bond in 23 and 
subsequent recyclization with the other ester group to give 24. That this 
rearrangement is sensitive to base was shown by adding methoxide ion. 
The conversion of 23 to 24 was complete within a few minutes compared to 
several hours in the absence of added base. This is reflected again in the 
exclusive formation of 24 in 5 min from the reaction of 247 and DMAD in 
methanol in the presence of methoxide ion at room temperature. The 
formation of 23 and 24 from the reaction of 247 with DMAD in acetic acid 
or methanol has also been reported by Indian workers (79TL53). 

Acheson and Wallis [81JCS(P1)415] reported that 247 reacted with 
DMAD in dry acetonitrile to give 23 only, while in dry methanol the only 
product isolated was 24. They further observed that 23 was converted to 24 
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by refluxing in dry methanol, and this rearrangement was catalyzed by 
basic impurities since it did not take place if the methanol contained a few 
drops of acetic acid. The reaction of thione 247 and DM AD in a mixture of 
acetonitrile and water gave uncyclized product 273, which could be cy- 
clized to 23 in dry acetonitrile or to 24 in dry methanol. Structures 23 and 
24 have been established by l3 C-NMR spectroscopy which offers a method 
of distinguishing thiazolidinone from thiazinone structures (see section 
111). Surprisingly, Acheson and Wallis in their publication [81 JCS(P1 )415] 
did not refer to the important work of Wade (79JOC1816). 

The reaction of 247 with DMAD in methanol results in the exclusive 
formation of thiazinone 24. The reaction can be catalyzed by sodium 
methoxide. In the absence of added base, thiazolidinone 23 is formed in 
addition to compound 24. This is in contrast to the findings in the reactions 
of thioureas with DMAD in which thiazolidinones are the only isolable 
products. The difference may be due to.the enhanced stability of the 
6,5,6-ring system because of pseudoaromaticity and to the inherent strain 
present in the 6,5,5-ring system, or it may be due to the difference in 
basicity between a benzimidazolyl-2-thione and thioureas. 

Reaction of thione 276 (R = H) with diethyl acetylenedicarboxylate in 
acetic acid or ethanol similarly gives both thiazolidinone (277) and thi¬ 
azinone (278) as expected (79TL53) (Scheme 67). Condensation of 276 
(R = Me, Cl, N0 2 , C0 2 H) and 280 with acetylenedicarboxylic esters 
gives a cyclized product in each case for which respective thiazolidinone 
structures 279 and 281 were assigned (77MI1). This work warrants reinves- 
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tigation in view of the findings of Wade (79JOC1816) and of Acheson and 
Wallis [81JCS(P1)415]. Moreover, the regiochemistry of the substituents 
in 279 and the stereochemistry of the A/B ring junction in 281 are un¬ 
certain. 

Cyclization of 2-(phenacylthio benzimidazoles, obtained from the reac¬ 
tion of unsymmetrical benzimidazolyl-2-thiones (282) with phenacyl 
halides can give rise to two isomeric cyclized products, depending on 
the nitrogen atom involved in the ring closure. No systematic studies 
on the orientational preference shown by substituents in the benzene ring 
during the cyclization leading to the synthesis of 3-arylthiazolo[3,2- 
ajbenzimidazoles have been made, probably because of the difficulties of 
establishing the position of substituents in the benzimidazole nucleus. 
However, much success in securing the orientation on cyclization in the 
case of their thiazolidinone counterparts has been achieved by 'H-NMR 
spectroscopy. 

In an extensive work on the orientation of cyclization leading to the 
synthesis of thiazolo[3,2-a]benzimidazol-3(2//)-ones, studies were di¬ 
rected to ascertain whether the cyclization was governed by an electron 
donating-withdrawing nature of the substituents or by the steric factor 
only. Benzimidazolyl-2-thiones (282a-k) react with chloroacetic acid to 
give acids 283a-k which, on treatment with acetic anhydride in pyridine, 
furnish in all cases a single products for which structure 284a-k, and not 
the other possible isomeric structure 285a-k, was assigned on the basis of 
'H-NMR spectral data [70UC10; 79IJC(I7B)572; 80IJC(B)1035; 

81IJC(B)294; 84J1CI053; 85IJC(B)I224; 86IJC(B)807; 871JC(B)532, 
87UP3, 87UP4; 88IJC(B)I2I] (Scheme 68). 

On the other hand, acids 289a-g, obtained from thiones 288a-g and 
chloroacetic acid, on cyclization with acetic anhydride in pyridine or 
Dowtherm-A give, both isomers 290a-g and 291a-g [8ICPB1876; 
86IJC(B)807; 87UP5]; although it was earlier reported that acid 289a-d, on 
cyclization with acetic anhydride in pyridine, yielded only one isomer for 
which structures, 290a, 291b, 290c and 290d were assigned on the basis of 
'H-NMR spectroscopy [70IJC10; 72IJC274; 73IJC1U9; 78IJC(B)478]. 
Acid 289e gave both isomers 290e and 291e which could not be separated, 
but their identities were confirmed by 'H-NMR spectral data (74TH1). It 
seems quite possible that one of the isomers was lost during the work-up 
(Scheme 69). 

The structural assignment of cyclized products 290a-f and 291a-f by 
Japanese workers (81CPB1876; 87UP1) was based on the downfield shift 
(-0.40 6) of the C 5 -H protons (H B in 290 and H A in 291) compared to that of 
the corresponding protons of acids 289a-f. This method, however, leaves 
some ambiguity, especially in the case of 290e in which the downfield shift 
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of C 5 -H was small. For further confirmation of the cyclized products, the 
Japanese workers advanced excellent chemical evidence that involved the 
Raney-nickel desulfurization of cyclized products 290a,c-f and 291a,c-f. 
This resulted in the formation of l-acetyl-5(or 6)-substituted benzim¬ 
idazoles whose identities were proved by direct comparison with authentic 
samples (82CPB2714). 
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The structural assignment for cyclized products 284,285,290, and 291 in 
the author’s laboratory was based mainly on two approaches. The first 
deals with the comparison of the chemical shifts of the peri-proton (H A ) in 
284e-g,i j with the corresponding proton of 286e-g,i j or 287e-g,i j ob¬ 
tained from the reaction of thiones (282e-g,i j) with 1,2-dibromoethane 
[80IJC(B)1035; 81IJC(B)294; 84JIC1053; 87IJC(B)532; 88IJC(B)121]. Pro¬ 
ton H a in 284e-g,i j resonates downfield when compared to that in 286e- 
g,i j (or287e-g,ij), while H A in 285e-g,i j resonates at approximately the 
same position as that in 286e-g,i j (or 287e-g,i j). This deshielding has its 
origin in the magnetic anisotropy of the carbonyl group with little contribu¬ 
tion from the rest of the ring. 

The second approach concerns the comparative studies of the observed 
and calculated chemical shifts of the aromatic protons of cyclized prod¬ 
ucts 284 or 285 and 290 or 291. The calculated chemical shifts of the aro¬ 
matic protons are derived by taking into consideration the shielding or 
deshielding effect (69MI1) of substituents on the chemical shifts compared 
to the corresponding protons of the parent compound 249a. This approach 
was used to establish structures 284a [88IJC(B)121J, 284b [86IJC(B)807], 
284c [79IJC(17B)572] 284d (87UP3), 284e [88IJC(B)121], 284f 

[87UC(B)532], 284g (84JICI053), 284h [85IJC(B)1224], 284j [88IJC(B)121], 
284k (87UP4), 290a [88IJC(B)12l], 290g [86IJC(B)807], and 291g 
[86IJC(B)807], The isomer whose calculated chemical shifts of the aro¬ 
matic protons tally with the observed chemical shifts is taken to be the 
correct one. This method gives good results in all condensed thiazolidi- 
nones synthesized in the author’s laboratory and provides an easy and 
reliable method of distinguishing both isomers (see Section III). 

The structural assignment for 290 and 291 was also arrived at by compar¬ 
ing the chemical shifts of aromatic protons H A and Hu of 290g and 291g 
with those of 289g In structure 290g H B is shifted downfield, while H A in 
291g is shifted downfield compared to the corresponding protons of the 
acid 289g. Structure 290a also was confirmed directly from the most down- 
field signal due to H B which showed meta coupling. This lends further 
support to the method of calculation. 

Structure 290d was earlier assigned on the basis of the comparison 
between the observed and calculated chemical shifts of the aromatic pro¬ 
tons of cyclized products 290d. The calculated chemical shifts were de¬ 
rived from 249a which was used as a reference compound (72IJC274). The 
same conclusion was drawn when 256d was used as a reference compound 
[86IJC(B)267], confirming the validity of the method of calculation used by 
these Indian workers. 

Structure 284b, later proved to be correct [86IJC(B)807], was assigned 
to the cyclized product obtained from acid 283b on a wrong presumption 
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(84JIC89). The most downfield signal was wrongly considered to be due to 
H-5 in 284b, as it is deshielded by the carbonyl group and such a downfield 
signal was not possible from the alternate structure 285b. In fact, the most 
downfield signal in 284b would be due to H-7 because of the deshielding 
effect of the nitro group on the ortho proton (H-7). A nitro group deshields 
ortho protons to a greater extent than meta or para protons (69MI1), and 
this value is much greater than that obtained from the deshielding effect of 
the carbonyl group. This important factor was overlooked by these 
workers (84JIC89). Similarly, acid 289e, on cyclization with acetic an¬ 
hydride in pyridine, was reported to give only one isomer for which 
structure 290e (77JHC1093) or 291e (84JIC89) was assigned without any 
supporting evidence. 

Thione 292a reacts with chloroacetic acid and aromatic aldehydes in a 
mixture of acetic anhydride and acetic acid to give a cyclized product for 
which structure 293a was assigned [86IJC(B)776], whereas thione 292b 
under similar conditions is reported to have yielded the other isomer 294b 
(67MI1) (Scheme 70). In both cases, no evidence, spectral or chemical, 
was cited to support the structures. In view of the findings of earlier work 
on unsymmetrical thiones, formation of both isomers 293a,b and 294a,b is 
possible and warrants reinvestigation. 

After having acquired data for the cyclization of acids 283a-k and 
289a-g, the former giving only one isomer (284a-k), and the latter giving 
both isomers (290a-g and 291a-g), the rationale for the preferred orienta¬ 
tion was suggested [88IJC(B)121], Acids 283a (having an electron-donating 
methyl group), 283b (having an electron-withdrawing nitro group), and 
283c,d (having dual character halogen atoms), on cyclization, yield thiazo- 
lidinones 284a-d, respectively suggesting that the cyclization took place in 
the same direction regardless of the nature of the substituent. This proves 
the electron-donating or electron-withdrawing nature of the substituent 
does not affect the mode of cyclization, but rather cyclization is governed 
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by steric factors only. Thus, cyclization takes place at a meta-mirogzn 
wherever there is an ortho-substituent regardless of the nature of the 
substituent. This is also found to be true in the case of disubstituted acids 
(283e-k) having one ortho-substituent, where the cyclization takes place 
at a mc/a-nitrogen, yielding 284e-k, respectively. Acids 289a-g in which 
both orf/io-positions are free, thus devoid of any such steric hindrances, 
are expected on cyclization to give both isomers 290a-g and 291a-g. 
Indeed this was found to be true, lending further support to the rationale 
that the cyclization was governed by the steric factors alone and not by the 
nature of the substituents. 

31. Thiazolo[2,3-b]imidazo[5,4-b]pyridin-3(2H)-ones 

There are only two publications that describe this system. Imidazo[5,4- 
6]pyridine-2-thione (295a) reacts with chloroacetic acid to give a cyclized 
product for which structure thiazolo[2,3-6]imidazo[5,4-/>]pyridine-3(2W)- 
one (296) was assigned. Thione 295a adds to the C=C double bond of 
maleic anhydride by a Michael-type reaction to yield cyclized product 297 
(83AP985). Reaction of 295a,b with chloroacetic acid and aromatic al¬ 
dehydes in a mixture of acetic anhydride and acetic acid gives arylidene 
derivatives 298a,b [86IJC(B)776] (Scheme 71). The compounds for which 
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structures 296-298 were assigned could be represented by other alternate 
structures 300, 301, and 299, respectively. The data are inadequate to 
decide which structures are better. 

32. Thiazolopurin-3(2H)-ones 

Of all the possible ways of fusing a purine ring onto a thiazole ring, only 
the syntheses of two, namely, thiazolo[2,3-./]purin-3(2//)-one (304) or thia- 
zolo[2,3-e]purin-3(2//)-one (305) and thiazolo[2,3-b]purin-3(2H)-one (307, 
311) have been reported. 

a. Thiazolo[2,3-fJpurin-3(2H)-one. 2- Methyl-6-oxopurine-8-thione 
(302) reacts with chloroacetic acid to give acid 303 which, on refluxing 
in acetic anhydride for 30 min, affords a cyclized product for which struc¬ 
ture 7-mehtylthiazolo[2,3-/]purin-3,5(2//,6//)-dione (304) was assigned 
(59JOC1410) (Scheme 72). The structural assignment was based on 
analogy with 5-ethyl-2-(/3-hydroxyethyl)-3-methylthiazolo[2,3-/]purine 
(36JCS1559), whose structure in turn was wrongly based on 3-methylthi- 
azolo[3,2-a]benzimidazole. Purine-8-thione and benzimidazolyl-2-thione 
cannot be compared because of the simple fact that the former is an 
unsymmetrical thione, whereas the latter is symmetrical. Hence, the cy¬ 
clized product could be represented by another alternate thiazolo[2,3- 
e]purine structure (305). 

b. Thiazolo[2,3-b]purin-3(2 H )-ones . Condensation of purine-2-thiones 
(306a-d and 310) with ethyl a-chlorophenylacetate in refluxing pyridine for 
6 hr furnishes 9a-ethoxy-9-methyl- (307a), 9a-ethoxy-9-phenyl- (307b), 
6-benzyl-9a-ethoxy-9-methyl- (307c), 6-benzyl-7,9-dimethyl-9a-ethoxy- 
(307d), and 5,9-dimethyl-9a-ethoxy-6-methylthio-2-phenylthiazolo[2,3-b] 
purine-3,8(2//,9//)-dione (311), respectively 1841JC(B)3I6] (Scheme 73). 
The appearance of a strong carbonyl band around 1740 cm" 1 in the 1R 
spectra of the products supports the cyclized structures 307a-d and 311. 
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Convincing evidence came from the mass spectral data. The molecular ion 
peak at mlz 406 (M' + , 89%) and fragmented ions at mlz 361 (M-OEt + , 
100%) and at mlz. 360 (M-EtOH‘ + , 75%) are tenable with the cyclic 
structures 307b rather than open structure 312. Mild hydrolysis of 307a-d 
in sodium hydroxide at room temperature affords acids 308a-d which, on 
heating in a mixture of acetic anhydride and pyridine for a few minutes, 
results in the synthesis of mesoionic compounds 309a-d. Elemental analy¬ 
ses as well as the absence of an N-H band in the 1R spectra of 309a,b 
suggests that acetylation of the mesoionic compounds during or after 
cyclodehydration took place, resulting in the synthesis of 309a,b. Meso¬ 
ionic compounds 309a-d in refluxing ethanol through facile ethanol ad¬ 
dition (as well as deacetylation in case of 309a,b) furnish back the same 
thiazolidinones (307a-d). Facile transformation of 309a,b to 307a,b in 
refluxing ethanol with concomitant loss of an acetyl group unequivocally 
confirms that formation of 309 does not involve any deep seated structural 
change during cyclodehydration. 
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33. Thiazolo[3,2-a]thiazolo[5,4-d]pyrimidin-3(2H)-ones 

Condensation of thiazolo[5,4-*/]pyrimidine-6-thiones (313a-d) with 
ethyl a-chlorophenylacetate or methyl a-chlorophenylacetate in the 
presence of pyridine or potassium carbonate gives products formulated as 
thiazolo[3,2-a]thiazolo[5,4-*/]pyrimidin-3(2//)-ones (314a-f) on the basis 
of y-lactam carbonyl absorption at ~ 1740 cm -1 in the IR spectra of 314a-d 
[83IJC(B)243]. The observed -y-lactam carbonyl absorption at low wave 
number (-1720 cm -1 ) in 314e-f is probably due to the long range conju¬ 
gation effect of the amidine residue transmitted via a ring-sulfur atom on 
the lactam C=0 bond [71ACR1; 75JCS(P2)!294]. The isolation of identi¬ 
cal ethanol adducts (314b,c) from mesoionic compound 318 in refluxing 
ethanol or methanol supports the assigned cyclic structures 314 in 
preference to open chain esters. Acid 315b, obtained by mild alkaline 
hydrolysis of 314b, on treatment with warm acetic anhydride-pyridine, 
furnishes a yellow mesoionic product 318 confirmed through physical 
properties such as a blue shift in the A. m ax with increasing polarity of the 
medium and disappearance of its yellow color (MeCN) on protonation. 
Acid 315a, similarly obtained from 314d, upon warming with acetic an¬ 
hydride-perchloric acid gives perchlorate (316), which undergoes 
acylation with acetic anhydride and pyridine or p-nitrobenzoylchloride in 
the presence of triethylamine to give 317a,b, respectively; these exhibit a 
blue shift with increasing polarity of the medium, thus confirming the 
mesoionic structure for 317a,b. The acyl derivatives 317a,b, on refluxing in 
methanol, affords a compound identical (thin layer chromatography and 
1R) to 314d, also obtained from direct condensation of 313a with methyl 
a-chlorophenylacetate. The transformation evidently occurs through loss 
of an acyl residue in 317a,b with concomitant addition of methanol fol¬ 
lowed by prototropic rearrangement to furnish 314d (Scheme 74). 

34. Thiazolo[3,2-a]thieno[2,3-d]pyrimidin-3(2H)-ones 

5,6-Dimethyl-3-phenyl-4-oxothieno[2,3-*/]pyrimidine-2-thione (319) re¬ 
acts with ethyl a-chlorophenylacetate in the presence of anhydrous po¬ 
tassium carbonate in boiling dimethylformamide (DMF)-acteone for 12 hr 
to give 6,7-dimethyI-2,9-diphenyl-9a-ethoxy-9-oxothiazolo[3,2-a]thieno 
[2,3-</]pyrimidin-3(2//)-one (321) in 90% yield [81IJC(B)538] (Scheme 75). 
The absorption at 1745 cm -1 (five-membered lactam C=0) in addition to 
that at 1690 cm 1 (six-membered C=0) in the product supports the cyclic 
structure 321. The formation of 321 must have been through the initially 
formed unstable mesoionic compound 320, which adds 1 mol of ethanol, 
liberated during reaction, to afford 321. 
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35. Thiazolo[3,2-a]-[l]benzothieno[2,3-d]pyrimidin-3(2H)-ones 

The synthesis of thiazolo[3,2-a]-[l]benzothieno[2,3-i/]pyrimidin-3(2//)- 
ones (323) is accomplished in two ways. The first involves direct conden¬ 
sation of thione with a-chloroester, while the second, the cyclization of the 
acid through a mesoionic compound, is affected as illustrated in Scheme 76 
[81 IJC(B)538]. 3-Methy Kpheny l)-4-oxo-5,6,7,8-tetrahydro[ 1 Jbenzothi- 
eno[2,3-*/]pyrimidine-2-thiones (322a,b) react with ethyl a-chlorophe- 
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nylacetate in the presence of anhydrous potassium carbonate in boiling 
DMF-acetone to afford lla-ethoxy-ll-methyl(phenyl)-2-phenyl-10-oxo- 
6,7,8,9-tetrahydrothiazolo[3,2-a]-[l]benzothiano[2,3-t/]pyrimidin-3(2//)- 
ones (323a,b) in almost quantitative yield. The absorption at 1745 cm 1 
due to the five-membered lactam carbonyl group of structure 323a,b lends 
support for the cyclic structure. The isolation of the identical ethanol 
adduct 323b from the mesoionic compound 325 in refluxing ethanol con¬ 
firms the cyclic structure of the products obtained by the direct conden¬ 
sation of 322 with ethyl a-chlorophenylacetate. The mesoionic compound 
325 is synthesized by acetic anhydride-pyridine mediated cyclization of 
acid 324 which is obtained by the mild alkaline hydrolysis of cyclized 
product 323b. 

36. Thiazolo[3,2-a]-s-triazolo[3,4-b ]-[/ ,3,4]thiadiazin-6(7Yi)-one 

The practical utility of the facile addition of mercaptoacetic acid across 
the double bond of an azomethine has been used in the synthesis of 
thiazolo-triazolothiadiazin-6(7//)-one (328). Thus, 7//-3-methyl-s- 
triazolo[3,4-b]thiadiazine hydrochloride (327), obtained by reacting 
l-amino-2-methyl-j-triazolyl-2-thione (326) with chloroacetaldehyde di- 
ethylacetal, reacts with mercaptoacetic acid in the presence of p- 
toluenesulfonic acid in boiling anhydrous benzene for 40 hr using a Dean- 
Stark water separator followed by basification with sodium bicarbonate 
to furnish 8a//,9//-3-methylthiazolo[3,2-a]-[l,3,4]triazolo[3,4-6][ 1,3,4]- 
thiadiazin-6(7//)-one (328) (74IJC287) (Scheme 77). The absorption at 
1725 cm 1 (lactam carbonyl) in product 328 supports the cyclic structure in 
preference to the open-chain acid structure. 
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37. Thiazoloquinazolinones 

Of three possible thiazoloquinazolinone systems possessing the 4- 
thiazolidinone unit, namely, 5//-thiazolo[2,3-6]quinazolin-3(2//)-one 
(329), 5H-thiazolo[3,2-u]quinazolin-l(2//)-one (330), and 10b//-thia- 
zolo[3,2-c]quinazolin-3(2//)-one (331), only the synthesis of the first two 
systems has been achieved. 



(329) (330) (331 ) 


a. 5H-Thiaz.olo[2,3-bJquinaz.olin-3(2H)-ones. Synthesis of 5//-thiazolo 
[2,3-6]quinazolin-3(2//)-one has been accomplished by two alternate 
routes. The first route, in which a thiazolidinone ring is built onto a 
quinazoline ring, involves the reaction of 3,4-dihydroquinazoline-2- 
thiones with chloroacetic acid and subsequent cyclization of the interme¬ 
diate acid. The second route, in which a quinazoline ring is built onto 
a thiazolidinone ring, deals with the reaction of 2-alkylmercapto-4- 
thiazolones with anthranilic acid followed by cyclization of the interme¬ 
diate in situ. The latter route provides an unequivocal synthesis of 329, 
whereas in the former route, the possibility of the formation of 329 or 330 
or both exits. 

i. From a quinazoline. The first example of this system was synthe¬ 
sized by Kendall and Duffin who cyclized acid 333 with acetic anhydride in 
pyridine and obtained a product for which the structure 2//-thiazolo[2,3- 
6]quinazolin-3,5-dione (334) was assigned without any evidence 
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(50BRP634951). No precise data were cited for this cyclized product which 
could be represented by another alternate structure, 2//-thiazolo[3,2- 
a]quinazolin-l,5-dione (336). Structure 334 was condensed (at the site of 
the methylene group at the 2-position) with pseudoindolium and ben- 
zothiazolium salts to yield sensitizing dyes (50BRP634952). Reaction of 
332 with ethyl chloroacetate yields a cyclized product that could be repre¬ 
sented by either 334 or 336. Here also, no adequate data are recorded in 
support of either structure (85AP502). Dhatt and Narang (54JIC787) re¬ 
peated the work of Kendall and Duffin (50BRP634951) and found that acid 
333, on heating with acetic anhydride-pyridine mixture, underwent de¬ 
composition. However, the treatment of acid 333 with acetic anhydride in 
the absence of pyridine for 6 hr at 80°C gives a cyclized product confirmed 
by a molecular ion peak [M]' + at m/z 218 [77ZN(B)94]. Structure 334 was 
assigned to the cyclized product on the basis of the comparison with an 
authentic sample of the other isomer 336, obtained through an unequivocal 
synthesis (See Scheme 89) (69IJC881). Isomer 336 was not found to be 
identical with cyclized product 334 obtained from acid 333. Thione 332 
reacts with chloroacetic acid and aromatic aldehydes in the presence of 
anhydrous sodium acetate in acetic acid-acetic anhydride at refluxing 
temperature for 4 hr to furnish directly in a single step the arylidene 
product 335, which is also obtained from 334 and aromatic aldehyde 
(Scheme 78). 

6-Bromo-4-oxoquinazolinyl-2-thione (337a) reacts with chloroacetic 
acid to give acid 338a which, on treatment with acetic anhydride-pyridine. 


I 



Scheme 78 
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affords a cyclized product for which the structure 7-bromo- 
2//-thiazolo[2,3-fc]quinazolin-3,5-dione (339a) was assigned on the basis of 
IR and 'H-NMR spectral data in preference to the other isomer, 7-bromo- 
2//-thiazolo[3,2-a]quinazolin-l,5-dione (341a) [78IJC(B)537] (Scheme 79). 
The absorption of both carbonyl groups at higher frequencies (1685 and 
1790 cm~')in the cyclized product shows the presence of the 
—CO—N—CO—group (68JHC179), lending support to structure 339a. In 
view of the equivalence of the protons ortho to bromine and nonequi¬ 
valence of the protons adjacent to nitrogen in 339a and 341a, the two 
structures could be distinguished by the NMR signal exhibited by the 
aromatic proton adjacent to nitrogen. This proton in the cyclized product 
has a normal value of 3 7.40 which supports structure 339a. The corre¬ 
sponding proton in 341a would resonate at a lower field than 3 7.40 because 
of the deshielding effect of the carbonyl group at a peri-proton. 

However, unlike 339a, the structure of the cyclized product obtained 
from acid 338b could not be established on the basis of IR spectral data. 
The absorption of carbonyl groups at 1680 and 1775 cm -1 and the molecu¬ 
lar ion peak [M] + at m/z 232 in the cyclized product suggests cyclization 
had indeed taken place, yet the spectral data are not helpful in deciding in 
favor of either 339b or 341b. Structure 339b in preference to 341b has, 
however, been assigned to the cyclized product on the basis of 'H-NMR 
studies (84JIC1050). Reaction of 337b with 1 ,2-dibromoethane gives a 
single product (confirmed by the molecular ion peak [M] + at mlz 218) 
which could be represented by either 340 or 342. In either structure, the 
signal at 8 2.18 is assignable to methyl protons. The appearance of the 
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methyl signal of 8 2.20 (almost of the same value as 8 2.18) in the 'H-NMR 
spectrum of the cyclized product obtained from acid 338b led to the 
assignment of structure 339b. Had 341b been correct, then the methyl 
protons would have shown adownfield shift due to the deshielding effect of 
the carbonyl group of the thiazolidinone ring. The magnetic anisotropic 
effect of a similar carbonyl group deshields the peri-methyl protons 
(70IJC10). Structure 340 in preference to 342 was assigned to the product 
obtained from the reaction of 337b and 1 ,2-dibromoethane on analogy to 
the work of Howard and Klein who obtained 340 (H in place of Me) from 
332 and 1,2-dibromoethane, while reaction of ethyl N-thiocarbamoylan- 
thranilate with 1,2-dibromoethane furnished 342 (H in place of Me) 
(62JOC3701). Similarly, 339c is obtained from 337c via 338c using the same 
series of reactions [78IJC(B)537] (Scheme 79). 

Synthesis of 2//-thiazoio[2,3-6]quinazolin-3,5-diones (344a-e) has been 
reported in different ways starting from 343a-e, 345a-e, 346a-e, and 
347a-e, while 344f is obtained from 343f as illustrated in Scheme 80 
(83H1549). 2-Carboxyphenylthioureas (343a-e), on refluxing with chloro- 
acetic acid in absolute ethanol in the presence of anhydrous sodium 
acetate for 25 hr give cyclized products (344a-e). Carrying out the reac¬ 
tion for a shorter period (6 hr) gives 2-(o-carboxyphenyl)imino-4- 
thiazolidinones (345a-e) which, on further heating for 19 hr, could be 
cyclized to 344a-e. 2-(/V-Cyano)anthranilic acids (346a-e), obtained by 
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the reaction of 343a-e with lead diacetate, condense with mercaptoacetic 
acid to afford 344a-e. Acids 347, obtained by the condensation of thiones 
348a-e with chloroacetic acid, furnish 344a-e upon treatment with acetic 
anhydride-pyridine. The structural assignment of 344a-e for the cyclized 
products was based on their synthesis from 345a-e and also from 346a-e. 
Structure 344a, obtained by three different methods, melts at 294-295°C, 
while in a fourth method it is reported to have a melting point of 193°C.' 
The melting point reported by Egyptian workers [77ZN(B)94] for 344a is 
209°C; their structure was proved by the molecular ion peak and its non¬ 
identical comparison with the other isomer 336 (Scheme 78). Although 
Indian workers (83H1549) refer to the publication by Egyptian workers, 
they did not comment on the difference in melting points of 344a. In view 
of this and in the absence of NMR and mass spectral studies, the work 
depicted in Scheme 80 warrants reinvestigation. 

Thiones 349 react with chloroacetic acid, a-bromopropionic acid, or 
their esters to give cyclized products for which structure 350 was assigned 
(78MI1; 81ACH197; 83MI2) (Scheme 81). The cyclized product could also 
be represented by alternate structure 351. Data are inadequate to decide in 
favor of either. 

Reaction of 3,4-dihydroxyquinazoline-2-thione (352a) with ethyl chlo- 
roacetate and A-phenylmaleimide gives in each case a cyclized pro¬ 
duct formulated as 5//-thiazolo[2,3-6]quinazolin-3(2//)-one (329) and 
3(2//)-oxo-5//-thiazolo|2,3-6]quinazolin-2-acetaniIide (353), respectively 
(83AP569). Structures 352a,b similarly react with maleic anhydride and 
acetylene dicarboxylic acid or esters to give cyclized products 354a,b and 
355a,b, respectively (83AP569; 86JHC1359, 86USP4588812). Since the 
starting thiones (352a,b) are unsymmetrical, their reactions with ethyl 
chloroacetate, maleic anhydride, and A/-phenylmeleimide could give one 

1 It seems possible that the reported value of 193°C is a misprint. 
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or both isomers depending on the direction of cyclization. Hence, the 
cyclized products 329, 353-355 could be represented by alternate struc¬ 
tures 330, 356-358, respectively. No attempt was made to settle this 
question (Scheme 82). 

Reaction of 4-oxoquinazolinyl-2-thione (332) with DMAD gives four 
major products (359-362) and one minor product (363) whose structures 
were unequivocally established by ,3 C-NMR spectroscopy and X-ray 
crystallographic analysis [86JCS(P1)2095] (Scheme 83). Surprisingly, no 
condensed thiazolidinone (364 or 365) was isolated from the reaction 
mixture. This is in contrast to the behavior of other thiones (20,28,53,65, 
155, 185, 247, 276 (R = H), 276, 280, and 352) that react with DMAD to 
give the corresponding condensed thiazolidinones (21,48,54,67,160,188, 
23, 277, 279, 281, and 357). 

ii. From a thiazole. Reaction of 5-arylhydrazino-2-methylmercapto- 
4-thiazolones (366a) and 5-arylidene-2-ethylmercapto-4-thiazolones (366b) 



b, R = alkyl,alkoxy,halogen, 
CF3,N02,NH2 



He 


(356) 


H 2 C0NHPh 



0 rH 2 C0 2 H 
(357) 



(358) 


Scheme 82 
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( 332 ) ( 359 ) ( 360 ) (361 ) 



with anthranilic acid afford 2-arylhydrazino-2-//-thiazolo[2,3-fc]quinazo- 
lin-3,5-diones (368a) and 2-arylidene-2//-thiazolo[2,3-6]quinazolin-3,5- 
diones (368b), respectively (83AP394, 83MI1) (Scheme 84). No interme¬ 
diate uncyclized product (367) was isolated. 

b. 5H-Thiazolo[3,2-a]quinazolin-l(2H)-ones. The synthesis of 5 H- 
thiazolo[3,2-a]quinazolin-l(2f/)-ones has also been accomplished by two 
methods. In the first, a thiazolidinone ring is built onto a quinazoline ring, 
while in the second, a quinazoline ring is built onto the thiazolidinone ring 
formed in situ. 



l366} ( 367 ) ( 368 ) 

a. R-Me.R^NNHaryl a.R^NNHaryl 

b, R*Et, R = CHaryl b, R 1 * CHaryl 


Scheme 84 
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i. From a quinazoline. 3-Phenyl-4-quinazolone-2-thiolacetic acid 
(369a) and a-(3-phenyl-4-quinazolone-2-thiol)propionic acid (369b), on 
treatment with acetic anhydride-perchloric acid, are smoothly converted 
to the respective perchlorate salts 370a,b which are fairly stable in dry 
condition and slowly decompose under storage [79IJC(18B)39; 
82IJC(B)517], The perchlorate salts (370a), on boiling with acyl chloride in 
the presence of triethylamine, undergo acylation to form mesoionic ke¬ 
tones (372b) which, on boiling with reagent-grade chloroform (usually 
containing ethanol) or with ethanol-free chloroform and ethanol or metha¬ 
nol, undergoes deacylation to furnish 3a-ethoxy(or methoxy)-4-phenylthi- 
azolo[3,2-a]quinazolin-3,5-dione (371a) [82IJC(B)517]. Acid 369c, on 
treatment with acetic anhydride-pyridine at room temperature, affords 
the mesoionic compound 372a which, in refluxing ethanol, yields 371c. The 
participation of ethanol in this reaction is confirmed from the fact that the 
mesoionic compound 372a, when boiled in ethanol-free chloroform, did 
not undergo any reaction, and 372a was recovered unchanged. The incor¬ 
poration of ethanol, which results in the formation of 371a-c, was con¬ 
firmed by 'H-NMR spectroscopy. Condensed 4-thiazolidinones (371a,c) 
are also obtained by refluxing 3-phenyl-4-oxoquinazolin-2-thione (373) 
with an appropriate haloester in the presence of anhydrous potassium 
carbonate in acetone [791JC(18B)39; 82IJC(B)517]. Structure 370b, also in 
boiling methanol or ethanol, affords 371b. Structure 371c, on mild alkaline 
hydrolysis, undergoes cleavage of the thiazolidinone ring to furnish acid 
369c [79IJC(18B)39] (Scheme 85). 

Reaction of 4-oxoquinazolinyl-2-thiones (374a-f) with chloroacetic acid 
or ethyl bromoacetate gives the acids or esters 375a-f which, on reduc¬ 
tive cyclization with sodium borohydride in sodium hydroxide, afford 
thiazolo[3,2-a]quinazolin- 1 ,5-diones (376a-f) (70JIC579, 70JIC1059; 
78JIC928) (Scheme 86). The work of Singh and Chaudhary (70JIC579) was 
repeated by Talukdar and co-workers [82IJC(B)517] who found that 3- 
phenyl-4-oxoquinazoline-2-thiolacetic acid or its ethyl ester (375a) did not 
yield the cyclized product 376a. If the formation of 376 is correct, then the 
reported synthesis of the thiazolidinone ring in alkaline medium would be a 
rare case. In view of this and the findings of Talukdar el al. [82IJC(B)517] 
coupled with a lack of spectral evidence for products 376a-f, the work 
reported in Scheme 86 warrants reinvestigation. 

6-Methyl-4-oxoquinazolinyl-2-thiolacetic acid (378), obtained by the re¬ 
action of 6-methyl-4-oxoquinazoline-2-thione (377) and chloroacetic acid, 
upon treatment with acetic anhydride-pyridine, yields a cyclized product 
confirmed by the molecular ion peak [M]' + at m/z 232 and for which 
structure 7-methyl-2//-thiazolo[3,2-a]quinazolin-l ,5-dione (379) was as¬ 
signed on the basis of IR and ‘H-NMR data in preference to possible 
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(372) 

a, R*Ph ; b,R=acyl 
Scheme 85 


alternate isomer 380 (82TH I) (Scheme 87). The absorption of two carbonyl 
groups at low frequencies (1665 and 1760 cm -1 indicates the absence of the 
—CO—N—CO group (68JHC179) in the cyclized product, supporting 
structure 379. Because of the equivalence of the protons (H B and He) 
ortho to the methyl group and the nonequivalence of proton H A in 379 and 



R 1 R 2 R 3 R 1 R 2 R 3 

a, H H Ph d. OMe o-alkyl Ph 

b, OH OMe Ph e, F H aryl 

c, OMe OMe Ph f. H F aryl 

Scheme 86 



Sec. II.A] 


CONDENSED 4-THIAZOLIDINONES 


69 



(377) (378) (379) 

Scheme 87 


(380) 


380, the two structures could be distinguished by the NMR signal exhibited 
by H a . The most downfield signal at 8 8.96 (exhibiting ortho coupling, 
J AB = 9 Hz) is assigned to H A in 379 because of the anisotropic effect of the 
carbonyl group of the thiazolidinone ring. Had 380 been the correct struc¬ 
ture for the cyclized product, the most downfield signal would have been 
due to H c exhibiting meta splitting. 

ii. From a thiazolidinone. Reaction of ethyl 5-chloro-N-(2-chloroace- 
tyl) anthranilate (381) with potassium thiocyanate in ethanol gives ethyl(6- 
chloro-l,4-dihydro-4-oxoquinazolinyl)-2-thiolacetate (385) in good yield. 
The formation of 385 was explained via the first intermediate 382 which 
had undergone one cyclization to give 383 followed by a second cyclization 
to furnish 7-chloro-2//-thiazolo[3,2-a]quinazolin-l ,5-dione (384). The thia¬ 
zolidinone ring in 384 was, however, unstable in the alkaline reaction 
mixture (potassium thiocyanate of excess molar ratio was used) and re¬ 
acted with ethanol to give 385. Ester 385, on alkaline hydrolysis, gives acid 
347b, which undergoes cyclization upon heating in acetic anhydride to 
afford a cyclized product for which structure 384 was assigned (68JHC185) 
(Scheme 88). The structural assignment of the cyclized product as 384 in 
preference to 344b was made because the conversion of 381 to 385 via 
intermediate 384 (not isolated at this stage) settles the orientation of ring 
closure in the formation of 384 from acid 347b. However, the reasoning 
advanced by the investigators (68JHC185) is not tenable simply because 
the synthesis of 384 from 381 is unequivocal, while that of 384 from 347b is 
not, in which case, the possibility of getting isomer 344b also exists. 
Moreover, acid 347b, on cyclization with acetic anhydride in the absence 
of pyridine, gives 384 (68JHC185), while with acetic anhydride-pyridine, 
it gives 344b (83HI549). But the melting points of the acid 347b reported 
by both groups of investigators are quite different [225-227°C (68JHC185) 
and 160°C (83HI549)]. No NMR data of the cyclized products (344b and 
384) are cited in either publication, hence, the structural confirmation must 
await stronger evidence. 
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Reaction of N-(2-chloroacetyl)anthranilic acid (386) with thiourea in 
ethanol at reflux temperature gives 2//-thiazolo[3,2-a]quinazolin-l ,5- 
dione (336) via intermediates 387 and 388 (not isolated) as formulated in 
Scheme 88 (69IJC881). Unlike the case of 384, the thiazolidinone ring in 
336 did not undergo cleavage because the reaction medium was not alka¬ 
line (Scheme 89). 

38. Thiazolo[2,3-a]isoquinolin-3(2H)-ones 

Of two possible thiazoloisoquinolinones, only thiazolo[2,3-a]iso- 
quinolin-3(2f/)-one (389) has been synthesized. The synthesis of thia- 
zolo[3,2-6]isoquinolin-l(27/)-ones (390) is yet to be achieved. 



(386) (387) ( 380) 


Scheme 89 


(336) 



Sec. II.A) 


CONDENSED 4-TH1AZOLIDINONES 


71 


The facile addition of mercaptoacetic acid across the double bond of an 
azomethine for a one-step synthesis of 4-thiazolidinone has also been 
exploited in the synthesis of thiazolo[2,3-a]isoquinolin-3(2//)-ones (392). 
Thus, 3,4-dihydroisoquinolines (391a-d), on heating with mercaptoacetic 
acid in benzene or toluene for several hours (11-50 hr) using a Dean-Stark 
water separator, give 392a-c (67IJC221) and 392d (68TH1), respectively. 
Dihydroisoquinoline (391a) with mercaptoacetic acid in refluxing ethanol 
gives a second product 393 in addition to 392a (67IJC221). The use of the 
methyl ester instead of the acid considerably shortens the reaction period. 
Structures 391e,f react with methyl mercaptoacetate in refluxing ligroin for 
4 hr to furnish the desired thiazolo[2,3-a]isoquinolin-3(2//)-ones (392e,f) 
(66AP846) (Scheme 90). 

39. Naphthimidazo[2,J-b]thiazol-3(2H)-ones 

The synthesis of naphthimidazo[2,l-b]thiazol-3(2//)-ones, in which a 
4-thiazolidinone nucleus has fused to both naphth[2,3-*f]imidazole and 
naphth[l,2-i/]imidazole ring systems, has been reported. 

a. Naphth[2',3':4,5]imidazo{2,l-b]thiazol-3(2H)-ones. Naphth[2',3': 4,5]- 
imidazo[2,l-6]thiazol-3(2//)-one (3%) and its 6,7,8,9-tetrahydro de¬ 
rivative have been synthesized in a straightforward manner. The reaction 
of l//-naphth[2,3-if]imidazolyl-2-thione (394) with chloroacetic acid and 
subsequent cyclization of the intermediate acid 395 with acetic anhydride- 
pyridine gives 3% (58JCS1974). Similarly, the 6,7,8,9-tetrahydro de¬ 
rivative of 396 is obtained from 5,6,7,8-tetrahydro-l//-naphtho- 
[2,3-c/]imidazole through the same series of reactions (59JCS3332) 
(Scheme 91). 



HSCH 2 C02 
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a, H H Me 
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l//-4,9-Dioxonaphth[2,3-//]imidazolyl-2-thiolacetic acid (397a) and a-(l- 
//-4,9-dioxonaphth[2,3-t/]imidazolyl-2-thiol)propionic acid (397b) with 
acetic anhydride in the absence of pyridine undergo cyclodehydration to 
give condensed thiazolidinones (398a,b), respectively. With acetic an¬ 
hydride-pyridine, these acids (397a,b) yield the corresponding condensed 
thiazoles (399a,b) which have an acetyl group (82NKK456) (Scheme 91). 

b. Naphthfl',2':4,5]imidazo[2,I-b]thiazol-3(2H)-one. Acid 401 or its 
methyl ester, obtained from the reaction of l//-naphth[l,2-t/]imidazolyl- 
2-thione (400) and chloroacetic acid or ethyl chloroacetate, on cycliza- 
tion with acetic anhydride, gave a product for which the structure 
naphth[l',2':4,5]imidazo[2,l-6]thiazol-3(2//)-one (402) was assigned 
(72KGS399) (Scheme 92). The cyclized product could also be accommo¬ 
dated by isomeric structure 403. No adequate data were cited to decide in 
favor of either structure. 
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40. Thiazolo[3',2':l,2]imidazo[4,5-f]quinolin-10(9H)-one 

Reaction of 3//-imidazo[4,5-/lquinoline-2-thione (404) with chloroacetic 
acid gives acid 405 which, on treatment with a mixture of acetic anhydride 
and pyridine, undergoes cyclization to furnish a product confirmed by the 
appearance of a band at 1735 cm -1 (N—C=0) and molecular ion peak 
[M] + at m/z 241. Thiazolo[2',3':2,3]imidazo[4,5-/]quinolin-6(7//)-one 
(406), in preference to the other possible isomer thiazolo[3',2': 1 ,2]- 
imidazo[4,5-/]quinolin-8(7//)-one (409), was assigned to the cyclized prod¬ 
uct on the basis of the comparative studies of proton signals of the cyclized 
product (406 or 409) with those of 407 or 408 (obtained by the reaction of 
404 and 1,2-dibromoethane), as well as with the proton signals of acid 405 
[86IJC(B)264] (Scheme 93). 

Reaction of 404 with 1,2-dibromoethane gives a single compound that 
may be represented by either structure 407 or 408. In either structure the 
most downfield signal at 8 9.61 is due to H A , and the signal at 8 10.62 (a 
value sufficiently higher than 9.61) is due to the deshielding effect of the 
carbonyl group on the peri-proton (H A ). The cyclized product obtained 
from acid 405 is in conformity with structure 406. Such a downfield signal 
for a peri-proton cannot be expected from 409. Had structure 409 been 
correct, the proton H E would have been deshielded by the carbonyl group 
by ~8 0.45, a value obtained from the thiazolo[3,2-a]benzimidazol-3(2//)- 
one system [87IJC(B)532]. In the cyclized product obtained from acid 405, 
H e resonates at 8 8.56, almost the same region as in 407 (or 408). Exactly 



Scheme 93 
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the same conclusion was also drawn by the comparison of the chemical 
shifts of the respective aromatic protons in acid 405 and its cyclized 
product 406 or 409. In acid 405, the signals at 8 9.82, 8.45, 9.37, 8.70, and 
8.59 were assigned to H A , H B , He, H D ,andH E protons, respectively. The 
signals at 8 10.62 (in place of 8 9.82 obtained in the acid) in the cyclized 
product must be due to H A since this proton is deshielded by a carbonyl 
group, supporting structure 406. 

41 . Thiazolo[3,2-a]perimidin-3(2H)-ones 

Reaction of perimidine-2-thione (410) with chloroacetic acid gives 
perimidine-2-thiolacetic acid (411) which, on treatment with acetic anhy¬ 
dride-pyridine undergoes cyclodehydration to give thiazolo[3,2-a]- 
perimidin-3(2//)-one (412) (69IJC767), which was confirmed by IR 
absorption at 1710 cm" 1 (N - C = O). Structure 412 is also obtained in 
one step by the reaction of 410 with ethyl chloroacetate (79AP776). 
Thione 410 reacts with DM AD and oxalyl chloride to afford 2- 
methoxycarbonylmethylidenethiazolo[3,2-0]perimidin-3(2/f>one (413) 
(76AP928) and 2//-thiazolo[3,2-u]perimidin-3,5-dione (414) (79AP776), re¬ 
spectively (Scheme 94). In view of the conflicting findings reported from 
the reaction of cyclic thiones with DMAD as discussed earlier, cyclized 
product 413 obtained from 410 and DMAD should be subjected to 13 C- 
NMR spectral analysis for structural confirmation. 
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42. Thiazolol2,3-a]benz.o(f)isoquinolin-I7(16H)-ones 

The synthesis of steroidal hormone analogs containing a thiazolidinone 
ring (418) has been achieved in a simple and elegant manner starting from 
amine as depicted in Scheme 95 [69IJC735; 71JCS(C)266]. The reaction of 
amines 415a,b with ethyl formate gives amides 416a,b which, on Bischler- 
Naperalski cyclization, afford dihydrobenzo(/)isoquinolines (417a,b). 
Condensation of bases 417a,b with mercaptoacetic acid gives the de¬ 
sired (±) 14 H- 11,12-dihydrothiazolo[2,3-c]benzo(/)isoquinolin-17( 16 H)- 
one (418a) and its 3-methoxy analog (418b), respectively (steroid num¬ 
bering followed). This sequence of reactions represents the first total 
synthesis of a heterosteroid incorporating a 4-thiazolidinone nucleus. De- 
methylation of 418b with molten pyridine hydrochloride furnishes 419. The 
stereochemistry of heterosteroid 418b has been secured through 'H-NMR 
spectral studies (see Section III, C and III, D). 

43. Thiazolo[3,2-a]aceperimidin-3(2H)-one 

Aceperimidine-2-thione (420) reacts with chloroacetic acid in ethanolic 
potash to furnish directly thiazolo[3,2-a]aceperimidin-3(2//)-one (422) 
(confirmed by the appearance of lactam carbonyl absorption at 1720 cm -1 
and by the molecular ion peak [M]‘ + at mlz 266) instead of the uncyclized 
acid (421) which is obviously the intermediate in the reaction 
[87IJC(B)693] (Scheme %). 
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44. Thiaz.olo[2',3'-b]benzofuro[2,3-f]benzimidazol-3(2H)-one 

Reaction of benzofuro[2,3-/|benzimidazole-2-thione (423) with chloro- 
acetic acid gives acid 424 which, on cyclization with acetic anhydride, 
yields a cyclized product for which structure thiazolo[2',3'-6]benzofuro 
[2,3-/|benzimidazol-3(2//)-one (425) was assigned (77MI2); however, al¬ 
ternate structure 426 cannot be ruled out in the absence of adequate data 
(Scheme 97). 


B. Cyclization Procedures Involving the 2- and 
5-Positions of 4-Thiazolidinone 

Simple and elegant syntheses of five different heterocyclic systems, 
namely, hexahydro-1,4-epithiopyrimidin-3-ones, tetrahydro-1,4-epithio- 
azepin-3,7-diones, hexahydro-1,4-epithiopyridin-3-ones, tetrahydro-4,7- 
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epithiofuro[3,4-c]pyridin-5~ones and tetrahydro-4,7-epithiopyrrolo[3,4- 
c]pyridin-5-ones, have been reported from Potts’ laboratory to occur 
through a cyclization procedure involving the 2- and 5-positions of 4-thi- 
azolidinone (1) (74JOC3631; 76JOC8I3, 76JOC8I8). 

1. Hexahydro-1,4-epithiopyrimidin-3-ones 

Reaction of tf/i/iy<//Y>-2-aryl-4-hydroxy-3-phenylthiazolium hydroxide 
(427) with isothiocyanates or isocyanates in hot benzene gives a crystalline 
cycloadduct for which the structure hexahydro-l,4-epithiopyrimidin-3- 
oxo-5-thiones/ones (428) was assigned on the basis of spectral data 
(76JOC813) in preference to hexahydro-l,4-pithiopyrazin-3-oxo-6-thi- 
ones/ones (429) and ylide structure (430) (Scheme 98). The IR spectrum of 
the cycloadduct is devoid of OH, SH, or NH absorption but shows the 
carbonyl and thiocarbonyl absorption. The 'H-NMR spectrum of the cy¬ 
cloadduct, obtained from 427a and phenyl isothiocyanate, is very simple. 
It consists of 15 aromatic protons at d 7.63 and a singlet proton at d 12.06; 
these are exceptionally low field. In the cycloadduct from 427a and phenyl 
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isocyanate, the singlet proton moved upward to d 10.27, albeit still a low 
value. Structure 428 was proposed in which the H-4 is strongly deshielded 
by both C=S and C=0 groups at the 3- and 5-positions in 428a and by both 
0=0 groups at the 3- and 5-positions in 428b. Thus, 428 resonates at very 
low field. Since the C=S group is known to exert a stronger deshielding 
effect than the C=0 group [68JCS(C)1777; 71JOC1846], such a downward 
shift is tenable with structure 428a. The alternate structure 429, repre¬ 
senting a different mode of addition of isocyanate (or thiocyanate) to 427, 
is discarded by the exceptionally low chemical shift of H-4. Again the 
upfield shift of H-4 from 428a and 428b is not expected since the C=0 or 
C=S group at the 6-position in 429 has no deshielding influence on the H-4 
proton. 

Ylide structure 430, which cannot be ruled out by IR and 'H-NMR data 
was, however, eliminated on the basis of chemical reaction and l3 C-NMR 
data. The adducts obtained from 427 and isocyanates (isothiocyanates) are 
remarkably inert to protonation with perchloric acid, and alkylation with 
suitable reagents. This observation is in contrast to the general behavior of 
an ylide structure [71JCS(B)1648], hence assigning structure 430 for the 
cycloadduct is ruled out. Comparison of the corresponding carbon chemi¬ 
cal shifts in compounds containing C=N + , an essential feature of an ylide 
structure such as S-methylthioamide derivative 431 (C-l resonates at 
194.04 ppm), a«/ry</ro-5-hydroxy-3-methyl-2-phenylthiazolium hydrox¬ 
ide (432, C-2 resonates at 141.3 ppm), and anhydro- 2-ethyl-5-mercapto-3- 
phenyl-l,3,4-thiadiazolium hydroxide (433, C-2 resonates at 173.8 ppm) 
with the adduct 428f (C-l resonates at 125.78 ppm), obtained from 427b and 
acetyl isothiocyanate, rules out ylide structure 430. Similarly, hexahydro- 
l,4-epithiopyrimidin-3,5-diones (428b-e, g-i) are synthesized from 427 
and appropriate isocyanates. 

2. Tetrahydro-1,4-epithioazepin-3,7-diones 

The [3 + 3] cycloaddition of the three-carbon species of cyclopropene 
to the mesoionic rings offers a method for synthesizing six-membered or 
larger ring systems through possible thermal ring expansion. Thus 
a«/ry</ra-2,3-diphenyl-4-hydroxythiazolium hydroxide (434a), a masked 
thiocarbonyl ylide 1,3-dipole, reacts with diphenylcyclopropenone in re¬ 
fluxing benzene to give a stable 1:1 adduct established by the appearance 
of a molecular ion peak [M] -+ in the mass spectrum of the adduct. The 
adduct can be represented by any one of the structures 435-438 formed by 
different modes of addition of diphenylcyclopropenone to 434 (76JOC818) 
(Scheme 99). A carbonyl absorption at 1650 and 1725 cm -1 (both C=0 
groups) in the adduct, obtained from 434a and diphenylcyclopropenone. 
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Scheme 99 


obviously rules out structures 437a and 438a but supports two other struc¬ 
tures, 435a and 436a. The structural assignment of the former in preference 
to the latter for the adduct was based on 'H-NMR data. A singlet proton at 
a 6.1 in the adduct, obtained by the reaction of 434a with diphenylcyclo- 
propenone, is compatible with the structure of tetrahydro-l,2,5,6-tetra- 
phenyl-l,4-epithioazepin-3,7-dione (435a) rather than 436a because this 
bridgehead proton (H-4), located in the deshielding zones of the two 
flanking carbonyl groups in the latter, would have resonated much further 
downfield. Although there is a change in the geometry of the 1,4- 
epithioazepine system (435a) compared to the 1,4-epithiopyrimidine sys¬ 
tem (428a) (76JOC813), it is insufficient to cause a chemical shift change 
from 8 10.27 to 8 6.10. Similarly 435b-d are obtained from the cycload¬ 
dition of diphenylcyclopropenone and its thione analog with 434. 

3. Hexahydro-1,4-epithiopyridin-3-ones 

Facile reaction of electron-deficient olefins (dipolarophiles) such as 
fra/is-dibenzoylethylene, dimethyl fumarate, furanonitrile, methyl vinyl 
ketone, ethyl crotonate, ethyl acrylate, ethyl methacrylate, and dimethyl 
maleate with a mesoionic compound containing a masked thiocarbonyl 
ylide skeleton gives stable 1:1 cycloadducts. The structure of the cycload¬ 
duct was established by its carbonyl absorption in IR spectra and the 
molecular ion peak [M]' + . The stereochemistry of the cycloadducts was, 
however, secured by NMR spectra (74JOC3631) (Scheme 100). 

Reaction of an/rydro-2-p-chlorophenyl-4-hydroxy-3-phenylthiazol- 
ium hydroxide (439a) and an/rydro-4-hydroxy-2,3,5-triphenylthiazolium 
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hydroxide (439b) with rrans-dibenzoylethylene in hot benzene gives sta¬ 
ble 1:1 cycloadducts to which structure l-p-chlorophenyl-5a,6/3-diben- 
zoyl-2-phenyl-1,2,3,4,5,6-hexahydro-1 a,4a-epithiopyridin-3-one (440a) 
and 5a,6/3-dibenzoyl-1,2,4-triphenyl-l,2,3,4,5,6-hexahydro-la,4a- 
epithiopyridin-3-one (440b) were assigned rather than structures 1 -p- 
chlorophenyl-5/3,6a-dibenzoyl-2-phenyl-1,2,3,4,5,6-hexahydro-1 a,4a-epi- 
thiopyridin-3-one (441a) and 5)3,6a-dibenzoyl-l,2,4-triphenyl-l,2,3,4,5,6- 
hexahydro-la,4a-epithio-pyridin-3-one (441b), respectively. 

Reaction of 439a with methyl vinyl ketone yields a single product for 
which structure 440c was assigned from a group of four possible struc¬ 
tures, namely, 440c, 441c, 440d, and 441d, that can be obtained depending 
on the mode of addition. However, reaction of 439b with methyl vinyl 
ketone forms two isomers 440e and 441e. Structure 440f was assigned to 
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the cycloadduct obtained from 439a and ethyl acrylate in preference to 
other alternate structures 441f, 440g, and 441g. Reaction of 439b with ethyl 
crotonate and with ethyl methacrylate gives 440h,i rather than 441h,i. 
Condensation of 439a-c with dimethyl fumerate gives 5-exo-6-endo prod¬ 
ucts 440j-l, whereas with dimethylmaleate, endo-products 440m,o are 
obtained. 

The addition of furanonitrile to 439b in refluxing benzene for 89 hr did 
not yield 1 : 1 cycloadduct 440p, but gave the sulfur-free compound, 4,5- 
dicyano-l,3,6-triphenylpyridin-2-one (443f) which is presumably formed 
by eliminating H 2 S from 440p. However, when the reaction was carried 
out for a shorter time (26 hr), cycloadduct 440f in 70% yield and the 
sulfur-free compound 443f were both isolated. 

The stereochemistry of the cycloadducts was secured firmly by the 
chemical shifts, multiplicity, and coupling constant values shown by the 
protons at the 4-, 5-, and 6-positions of the adducts. The 'H-NMR spectra 
of all the adducts except 440i showed normal patterns of splitting. Cy¬ 
cloadducts 440h and 440i, obtained from the reaction of 439b with ethyl 
crotonate and ethyl methacrylate, respectively, differ from one another 
only in the position of the methyl substituent. This small structural differ¬ 
ence, however, results in a significant and interesting change in their NMR 
spectra. In 440h, a normal quartet-triplet pattern for the ethoxy group was 
observed, while in 440i the ethoxy carbonyl methyl protons resonated as a 
triplet; The methylene protons, however, did not appear as a normal 
quartet, rather, they appeared as a complex 14-line pattern. In this cy¬ 
cloadduct (4401), the chiral center at C-6, the bulkiness of methyl group at 
C-6, and the inherent rigidity possessed by the bicyclic system prevent free 
rotation about O—CH 2 bond, thus behaveing like an ABX 3 pattern. Over¬ 
lapping resonance reduces to an observable 14-line multiplet, although 
theoretically a 16-line multiplet is expected. 

Reaction of mesoionic compound 439a-d with acetylenic compounds 
did not yield the desired stable 1:1 cycloadducts but gave pyridine and 
thiophene derivatives (Scheme 101). Thus, reaction of 439a,c,d with 
DMAD gives corresponding pyridines 443a,c,d, presumably obtained via 
cycloadducts 442a,c,d after elimination of elemental sulfur (74JOC3631). 
The reaction of the trisubstituted mesoionic compound 439b with DMAD 
(74JOC3631), dibenzoylacetylene (74JOC3631), and acetylene dinitriles 
(74JOC3627), however, yields in each case two products: pyridones 
443b,e,f and thiophenes 444a-c via unstable cycloadducts 442b,e,f. The 
former is obtained after splitting off elemental sulfur, while the latter is 
obtained eliminating phenylisocyanate from the cycloadducts (Scheme 
101 ). 



82 


HRUSHI K. PUJARI 


[Sec. II.B 


R 2 



R^CaCR* 


(439) 


R 1 R 2 R3 

Q, p-ClC 6 H 4 H Ph 

b. Ph Ph Ph 

c. Ph H Ph 

d. Ph H _p-CIC 6 H 4 



(444) 

a, R*--C0 2 Me 

b, R4 * COPh 

c, R^ = CN 

Scheme 101 


4 . Tetrahydro-4,7-epithiofuro[3,4-c]pyridin-5-ones 

Addition of 439a,b to maleic anhydride at room temperature in dry 
benzene affiords cycloadducts 3aa-H,7aa-H-7-p-chlorophenyl-6-phenyl- 
tetrahydro-4a,7a!-epithiofuro[3,4-c[pyridin-l,3,5-trione (445a) and 3aa- 
H,7aa - H - tetrahydro-4,6,7- triphenyl-4a,7a-epithiofuro[3,4,-c]pyridin-1, 
3,5-trione (445b), respectively (74JOC3631) (Scheme 102). The endo struc¬ 
ture (445), in preference to the exo structure (446), was assigned to the 
cycloadducts on the basis of a small trans coupling (J = 1.5 Hz) shown by 
H-4 in 445a. The adduct 445a undergoes methanolysis with diazomethane 
to give the cis-diester 440m. On the other hand, 445b with diazomethane 
yields both cis-isomer 440n and trans-isomer 440k, the trans-isomer being 
the minor product. The formation of trans-diester 440k may be ascribed to 
the reaction of cis-diester 440n with an excess of diazomethane which gives 
rise to methoxide ion and then epimerises C-3a of the cycloadduct 445b. 
The formation of the cis-diesters (440m and 440n) corroborates a consis¬ 
tency in stereochemical configuration that exists within the cycloadducts 
obtained from the mesoionic system. 
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5. Tetrahydro-4,7-epithiopyrroIo[3,4-c]pyridin-5-ones 

Reaction of 439a-c with N-phenylmaleimide in refluxing benzene 
furnishes stable 1:1 cycloadducts which may be represented by either 
structures 447a-c or 448a-c (74JOC363I) (Scheme 103). The endo- 
structure, 4aa-H,7aa-H-2,6-diphenyl-7-R'-4-R 2 -tetrahydro-4a,7a-epi- 
thiopyrrolo[3,4-c]pyridin-l,3,5-trione (447a-c) was preferred to the al¬ 
ternate exo-structure 448a-c on analogy to the similar cycloadducts 
obtained from the reaction of 1 ,3-dihydro-benzo[c]thiophene-2-oxide (449) 



Scheme 103 
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with A-phenylmaleimide in which a mixture of endo- (450) and exo- (451) 
isomers was obtained (66JA4112). The 'H-NMR spectrum of the cycload¬ 
duct obtained from 439a and N-phenylmaleimide shows two doublets at 8 
4.40 (7a-H) and 8 4.70 (4-H), and one doublet of doublet at 8 4.05 (4a-H). 
These doublets are closer to the chemical shifts of the corresponding 
protons of the endo-isomer (450) than that of the exo-isomer (451), which 
supports structure 447. 


C. Cyclization Procedures Involving the 2,3- and 
2,5-Positions of 4-Thiazolidinone 

Syntheses of different heterocyclic systems in which the 2,3- and 2,5- 
positions of 4-thiazolidinones (1) are attached to different rings have also 
come from Potts’ laboratory. 

1. 6,8a-Epithioimidazo[ 1,2-a]pyrimidin-5,7-diones 

Reaction of anhydro-l-hydroxy-l-methy l-2-phenylimidazo[2,1 -8]thi- 
azolium hydroxide (452) with isocyanates in boiling benzene readily pro¬ 
vides the stable I: I cycloadducts, hexahydro-l-methyl-6-phenyl-8-R-6,8a- 
epithioimidazo[1,2-«lpyrimidin-5,7-diones (453a-c). Structures were 
characterized by IR, 'H-NMR, l3 C-NMR, and mass spectral data; the 
latter indicated that all components of the reactants were retained in the 
adduct (79JOC3803) (Scheme 104). With maleimides, maleic anhydride, 
furanonitrile, DMAD, or dibenzoylacetylene, compound 452 did not yield 
the desired cycloadducts (454, 456, 458), but gave sulfur-free compounds 
455 and 457, presumably via the cycloadducts, with the elimination of H 2 S 
or elemental sulfur as illustrated in Scheme 104. 

2. 5,7a-Epithiopyrido[ 1,2-c]quinazolin-4-ones 

Reaction of a«/zy</ro-3-hydroxy-2-phenylthiazolo[3,2-c]quinazolin-4- 
ium hydroxide (459) with ethyl acrylate in boiling xylene overnight gives 
pyrroloquinazoline (461a) and carbonyl sulfide. The reaction, when car¬ 
ried out for 5 hr in the absence of solvent (xylene), furnished a 1 : 1 
cycloadduct, 4//-5,6,7,7a-tetrahydro-7-ethoxycarbonyl-5-phenyl-5,7a- 
epithiopyrido[l,2-c]quinazoIin-4-one (460a), although the yield was only 
15% (84CC213). Cycloadduct 460a could not be converted to the rear¬ 
ranged product 461a even upon prolonged heating in xylene. The reaction 
of 459 with dimethyl fumerate, however, gives both 460b and 461b, which 
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were separated by high pressure liquid chromatography. Structures 460 
and 461 were characterized by IR, 'H-NMR, and mass spectra. Mesoionic 
ring compound 459, on the other hand, reacts with DMAD in boiling 
toluene to give pyridone 462 obtained by expulsion of sulfur from the 
labile, which was presumably the intermediate (Scheme 105). 
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3 . 4,6a-Epithiopyrido[2,l-a.]phthalazin-3-ones 

art/ry*/ro-3-Hydroxy-2-phenylthiazolo[2,3-tf]phthalazin-2-iumhydroxide 
(463) reacts with ethyl acrylate to give 3//-4,5,6,6a-tetrahydro-6-ethoxy- 
carbonyl-4-phenyl-4,6a-epithiopyrido[2,l-a]phthalizin-3-one (464a), while 
with dimethyl fumarate in boiling xylene, both the cycloadduct 464b and 
the rearranged product 465 are isolated. The rearranged product (465) is 
formed by the extrusion of elemental sulfur from 464b (84CC213) (Scheme 
106). 

4 . 4,1 la-Epithiopyrrolo[3,4-c]pyrido[2,l-b]benzothiazol-l ,3,5- 
triones 

a«/ry</ra-3-Hydroxy-2-phenylthiazolo[2,3-/>]benzothiazolium hydrox¬ 
ide (466), possessing a masked thiocarbonyl ylide dipole, readily reacts 
with maleimides in boiling toluene to give stable 1:1 cycloadducts 467a,b 
in good yield (78JOC2697) (Scheme 107). The spectral data (IR, 'H-NMR, 
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and mass) are consistent with the assigned structures 467a,b. The endo- 
configuration was assigned to the cycloadduct on analogy with cycload¬ 
duct 447, obtained from 439 with maleimide. Complete conversion of 467 
to 468 could be affected by refluxing the former in xylene. 


5. 3,10a-Epithiopyrido[2,1 -b]benzothiazol-4-one 

Cycloaddition of furanonitrile with 466 readily furnishes primary adduct 
469 in 90% yield. Although IR, 'H-NMR, and mass spectra of the adduct 
supported the assigned structure (469), the exo-endo relationship of 1,2- 
protons could not be established beyond doubt (78JOC2697) (Scheme 108). 
Unlike 467, cycloadduct 469 is thermally stable and did not lose H 2 S on 
refluxing in xylene for 40 hr. Even treatment of 469 with sodium methox- 
ide, a process known to cause elimination of H 2 S in the cycloadducts 
obtained from a monocyclic system (74JOC3619), did not afford pyridone 
470. DM AD with 466 yields pyridone 472, presumably via cycloadduct 471 
with extrusion of elemental sulfur. 

The easy formations of cycloadducts 453,460,464,467, and 469 from the 
cycloadditon of dipolarophiles with mesoionic ring compounds are the first 
observed examples where addition occurs at a bridgehead carbon atom. 
The bicyclic adducts with ring nitrogen atoms are strained molecules, and 
if appropriate, these adducts attain aromatic character through the extru¬ 
sion of a small molecule such as H 2 S or elemental sulfur. 
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III. Molecular Spectra of Condensed 4-Thiazolidinones 

A. Ultraviolet Spectra 

The UV absorption spectra of condensed 4-thiazolidinones have been 
reported by few workers, and critical studies have been made by fewer still 
[56JOC24; 64JOC1715; 74JOC3631; 76JOC813, 76JOC818; 77ZN(B)94; 
78JOC2697], The UV spectra are less useful than IR and NMR spectra for 
characterizing condensed 4-thiazolidinones. The product obtained from 
334 and benzenediazonium chloride has been formulated as hydrazone 473 
rather than azo 474 on the basis of UV spectral data [77ZN(B)94]. The U V 
spectrum of the product shows a maximum at 410 nm which provides 
evidence of a hydrazone structure since phenylazo compounds absorb 
strongly at 270-280 nm, while phenylhydrazones absorb above 320 nm 
(60JA2909; 62JA35I4; 64JOC2959). On the other hand, the presence of 
strong bands at 382 and 400 nm in the U V spectrum of the product obtained 
from 249a an aryldiazonium chloride has been cited as evidence for the azo 
structure 475 as opposed to hydrazone structure 476 (68KGS1008). 

The critical studies of the UV absorption spectra of 478-480 are made 
using 477 as a reference compound in which the principal site of UV 
absorption resides in the a,/3-unsaturated carbonyl group. The UV absorp¬ 
tion curve of 2-arylidene-5,6-dihydroimidazol2,l-/>]thiazol-3(2//)-one 
(478) is similar to 5-arylidene-3-ethyl-2-ethylimino-4-thiazolidinone (477). 
Thus, 477a,b in methanol have absorption maxima A = 326 nm (log 
e = 4.40) and X = 348 nm (log e = 4.13) while 478a,b in methanol have 
max X = 320nm(log€ = 4.46) and X = 342nm(log€ = 4.12). In 478, both 
the nitrogen atoms are joined by a two-carbon ethylene chain that induces 
strain in the molecule, resulting in a small (6 nm) hypochromic shift of the 
maximum. However, a less strained molecule (479) in which both the 
nitrogen atoms are joined by a three-carbon propylene chain has absorp¬ 
tion maxima X = 350 nm (log e = 4.44), comparable with that of 477b. In 
480, both the nitrogen atoms are fused through a phenylene group which 
splits the absorption spectrum into two bands, X = 300 nm (log e = 4.42) 
and X = 357nm(loge = 4.17), indicating considerable contribution of the 
phenylene group (56JOC24) (Scheme 109). 

The intensity of the imidazole band of low wavelength is increased, 
while the 7r —> 7r* band in 2,3-dihydrothiazolo[3,2-«]benzimidazole is un¬ 
affected by the introduction of a carbonyl group. This is evidenced by 
the UV absorption spectra of thiazolo|3,2-a]benzimidazol-3(2//)-ones 
(56JCS361). The effect of conjugation in 2-arylidenethiazolo[3,2-«]benzi- 
midazol-3(2//)-ones is shown by UV absorption which consists of three 
intense bands at 257-273 nm, 281-2% nm and 319-390 nm, which are 
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probably due to amido, benzimidazole, and K-band transitions, respec¬ 
tively (6IZOB1635). On the other hand, methoxy/ethoxycarbonylmethy- 
lidenethiazolo[3,2-tf)benzimidazol-3(2//)-ones exhibit UV absorption with 
comparatively shorter wavelengths of 210-240 nm and 260-320 nm 
(72MII). 

4,5-Epoxy-2,3,4,5-tetraphenylcyclopenten-l-one (481) has UV absorp¬ 
tion maxima X = 233 nm (log e = 4.23) and X = 338 nm (log e = 3.85), 
whereas cycloadduct 435a exhibits its absorption maxima at 205 nm (log 
e = 4.64), 246 nm (log e = 4.45), 300 nm (log e = 4.26), and 353 nm (log 
e = 4.17). The shift to longer wavelengths is attributed to interaction of the 
bridge sulfur atom with the amide carbonyl chromophore and a,/3-unsatu- 
rated system (76JOC818). Similar interactions between the bridge sulfur 
and amide carbonyl as well as between the thiocarbonyl group and bridge 
sulfur are observed in 428a (76JOC813). 
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B. Infrared Spectra 

Infrared spectra of condensed 4-thiazolidinones have been reported by 
numerous workers and display structurally and diagnostically useful 
features. The five-membered amide carbonyl band, usually found in the 
region between 1730-1740 cm -1 , is strong and typically characteristic of 
the thiazolidinone structure. The carbonyl absorption reported is as high 
as 1790 cm-' [78IJC(B)537] and as low as 1685 cm H [71JCS(C)266], 
Unsaturation of condensed 4-thiazolidinones conjugated with the carbonyl 
group, as in arylidene derivatives, produces a shift to lower energies in the 
carbonyl absorption [69AJC2697, 691JC767, 69IJC769; 70IJC10; 
78IJC(B)329; 82IJC(B)315; 85IJC(B)1227; 86IJC(B)354, 86IJC(B)812; 
87IJC(B)693,87IJC(B)739,87UP1]. The amide carbonyl absorption is also 
shifted by conjugation with imine unsaturation at an a-position with re¬ 
spect to the carbonyl group (68KGS1008; 69MI2; 71KGS471,71KGS822, 
71KGS930). This lends additional support to the condensed 4- 
thiazolidinone structures. 

The exceptionally low IR carbonyl absorption in 482a (R = H, alkyl, 
aryl, alkoxy, OH, NH 2 ) is explained by the resonance interaction between 
the amidine nitrogen at the 4-position and the carbonyl group at the 2- 
position, possessing true vinylogous amide character which is depicted in 
482a ++ 482b (Scheme 110) (64JOC865; 66USP3225059; 67CJC2903; 
69URP230823; 7IKGS393). On the other hand, this nitrogen at the 4- 
position does not seem to have any effect on the carbonyl group at the 
3-position in 249; the amide carbonyl absorbs at high frequencies (1730— 
1740 cm" 1 ). The lowering of the carbonyl absorption in thiazolo[3,2- 
a]benzimidazol-3(2//)-ones by an arylhydrazino substituent at the a-po¬ 
sition to the carbonyl group implies the existence of hydrazone tautomer 
476 (69MI2; 71KGS471,7IKGS822, 7IKGS930). The presence of the azo 
form (475) had been claimed solely on the absence of NH absorption and 
the presence of IR azo bands at 1550-1580 cm (68KGS1008). 





(482a) 


(482b) 

Scheme 110 


(249) 
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C. 'H-NMR Spectra 

The ‘H-NMR spectra of many condensed 4-thiazolidinones have been 
reported. The characteristic methylene protons (SCH 2 ) of condensed 4- 
thiazolidinones give a two-proton singlet in the region 8 4.0-4.6. The fact 
that the carbonyl group deshields the peri-proton has been used to arrive at 
the correct structural assignments of the cyclized products [69JHC491; 
72IJC274; 73IJC1119; 77IJC(B)46; 78IJC(B)478; 79IJC(17B)572; 80H149, 
80IJC(B) 1035; 81CPB1876, 81IJC(B)294; 84JIC1053; 85IJC(B)1224; 
86IJC(B)267, 86IJC(B)807; 87IJC(B)532, 87IJC(B)556, 87UP3, 87UP5; 
88IJC(B) 121]. The deshielding has its origin in the magnetic anisotropy of 
the carbonyl group with little contribution from the rest of the thiazolidi- 
none ring. 

The structural ambiguity of cyclized products is settled two different 
ways. One method, first reported by Japanese workers (81CPB1876) and 
then by others [86IJC(B)264, 86IJC(B)807; 87UP3] is based on compara¬ 
tive studies of the chemical shifts of the peri-proton of the cyclized product 
(284, 290, 291, and 406) with the corresponding protons of the acid (283, 
289, and 405) (Table I). The downfield shift value of H-5 in thiazolo[3,2- 
a]benzimidazol-3(2//)-ones (284,290 and 291) is —0.40 ppm. The Japanese 
workers (82CPB2714), however, mentioned that this method left some 
ambiguity in 284a and 290b,e,f, especially in the case of 290e where the 
downfield shift of H-5 was too small (8 0.17). For further confirmation, 
they advanced excellent chemical evidence involving the Raney-Nickel 
desulfurization of the cyclization products, which resulted in the substi¬ 
tuted benzimidazoles whose identities were proved by direct comparison 
with authentic samples. 

The second approach, developed at Pujari’s laboratory, involves com¬ 
parative studies of the observed chemical shifts with the calculated 
chemical shifts of the aromatic protons of the cyclized products. This 
approach leaves no ambiguity. The calculated chemical shifts of the aro¬ 
matic protons of the cyclized products are derived by taking into consider¬ 
ation the shielding (or deshielding) effect of the substituents (69MI1) on the 
values of the corresponding protons of the parent compound (249a) which 
is used as a reference. In the case of 284a and 290d, compounds 256a and 
256d were used, respectively, as reference compounds in addition to the 
parent compound 249a; exactly the same structural assignments were 
found. This method is used successfully to establish the orientation of 
cyclization of nuclear substituted thiazolo[3,2-a]benzimidazol-3(2//)-ones 
formed during a ring-closure reaction of unsymmetrical benzimidazolyl-2- 
thiolacetic acids. Of the two possible structural isomers, the one showing a 
closer relationship between the observed and calculated chemical shifts of 
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TABLE I 

Downfield Shift Value of peri-Proton in 
Cyclized Products 2*4, 290, 291, and 406 

DOWNFIELD FROM THE CORRESPONDING 

Protons of Acids 283, 289, and 405 



Chemical shifts 

Difference 

Compounds 

(ppm) (DMSO-d 6 ) 

(Appm) 

284a 

7.65 

0.53* 

283a 

7.12 

284d 

8.06“ 

0.45" 

283d 

7.61“ 

284k 

7.86“ 

0.49'' 

283k 

7.37" 

290a 

7.79 

0.33* 

289a 

7.46 

290b 

7.87 

0.29* 

289b 

7.58 

290c 

7.64 

0.43* 

289c 

7.21 

290d 

7.34 

0.40* 

289d 

6.94 

290e 

8.48 

0.17* 

289e 

8.31 

290f 

8.28 

0.26* 

289f 

8.02 

290g 

7.79" 

0 46" 

289g 

7.33" 


291a 

7.82 

0.41* 

289a 

7.41 

291b 

7.77 

0.40* 

289b 

7.37 

291c 

7.69 

0.40* 

289c 

7.29 

291d 

7.72 

0.42* 

289d 

7.30 

291e 

7.98 

0.39* 

289e 

7.59 

29 If 

7.90 

0.40* 

289f 

7.50 

291g 

8.39“ 

0.39" 

289g 

8.00" 

406 

405 

10.62" 

9.82" 

o.6<y 


" Solvent: TFA. 
* 8ICPBI876. 

‘ 87UP3. 
d 87UP4. 

' 86IJC(B)807. 
f 86IJC(B)264. 
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the aromatic protons was chosen as the correct isomer (Table II). Table II, 
depicting studies in 18 such cases, clearly reveals the general applicability 
of this method. 

The deshielding influence of the carbonyl group at the 3-position on 
methylene protons at the 2-position in the condensed 4-thiazolidinones is 
also observed. The signal of the methylene protons appeared at low field 
compared to that of the dihydro series of condensed thiazoles (Table III). 
This offers proof that the acid has undergone cyclization resulting in the 
synthesis of condensed 4-thiazolidinones, although it does not help in 
deciding the orientation of cyclization. 

The stereochemistry of heterosteroid 418b has been secured by 'H- 
NMR spectral data [71 JCS(C)266]. The large difference (~1.5 ppm) ob¬ 
served in the geminal proton (H-12) absorption suggests a semichair for 
ring C of this heterosteroid [71JCS(C)262]. The SCH 2 protons (H-16) of 
418b, unlike other condensed 4-thiazolidinones, exhibit an AB quartet 
around 8 3.7. One component of the AB quartet is submerged in the intense 
methoxy signal, but the other three show fine splitting. That the AB quartet 
results from the interaction of H-14 across the sulfur atom is confirmed, 
since irradiation of H-14 eliminates this AB quartet. This type of coupling 
is also dependent on steric factors. The difference in the magnitude of 
further splitting found in the A and B protons of the spectrum suggests that 
H-16 a- and /3-protons are differently disposed towards the H-14. An 
exact value (Jab = 15 Hz) for the geminal coupling of the H-16 protons 
was calculated from the double-resonance simplified AB spectrum 
[71JCS(C)266]. The coupling constant for methylene protons flanked by 
sulfur and an amide group is deduced for the first time; this value may be 
useful for correlative work on geminal coupling constants (69T4681). 


D. I3 C-NMR Spectra 

13 C-NMR spectral data are available for a limited number of condensed 
4-thiazolidinones [76JOC813; 78HCA607; 79IJC(18B)479, 79JOC3803, 
79JOC3994, 79TL53; 81 JCS(P1)415; 84JCS(P 1)2707], 

The constitutional isomers between condensed 4-thiazolidinones (483) 
and condensed 4-thiazinones (484), obtained from the reaction of cyclic 
thiones with acetylenic dicarboxylic esters, are distinguished by l3 C-NMR 
spectroscopy. These isomers have been differentiated on the basis of 
C,H-spin coupling constants first demonstrated by Swiss workers 
(78HCA607) then, by others [79IJC(18B)479, 79JOC3994, 79TL53; 
84JCS(P1)2707]. The magnitude of coupling of the lactam carbon with H A 
(Vco,h a = —6 Hz) found in 483 serves to differentiate it from thazinone 



TABLE II 

Observed and Calculated Chemical Shifts (ppm) for H-5 
and H-8 Protons in Cyclized Products" 





H-5'’ 



H-8 



Compounds 

Solvent 

Calc. 

Obs. 

Diff. 

Calc. 

Obs. 

Diff. 

Reference 

284a 

285a 

CDCI, 

CDCli 

7.71 

7.66 

0.05 

7.51 

7.66 

0.15 

88IJC( B) 121 

284a' 

CDCI, 

7.10-' 

7.18 

0.08 

7.26'' 

7.18 

0.08 

881JC( B) 121 

285a' 

CDCI, 

7.02'' 

7.18 

0.16 

7.34'' 

7.18 

0.16 

284b 

285b 

DMSO-dh' 

DMSO-d h 

8.23 

8.15 

0.08 

7.93 

8.15 

0.22 

861 JC( B )807 

284c 

DMSO-d h 

7.90 

7.84 

0.06 




79IJC( I7B)572 

285c 

DMSO-dh 




7.60 

7.84 

0.24 

284d 

TFA* 

8.00 

8.06 

0.06 

— 

— 

— 

87UP3 

285d 

TFA 

— 

_ 

_ 

7.55 

8.06 

0.51 

284c 

DMSO-dh + CDCI, 

8.07 

8.02 

0.05 

_ 

— 

_ 

88IJC(B)12I 

285e 

DMSO-dh + DC Dl, 

— 

— 

— 

7.82 

8.02 

0.20 

284f 

TFA 

8.20 

8.17 

0.03 




871JC(B)532 

285f 

TFA 




7.75 

8.17 

0.42 

284g 

CDCI, + TFA 

8.34 

8.24 

0.10 

— 

— 

_ 

88IJC(B)I2! 

285g 

CDCI, + TFA 

— 

— 

— 

7.93 

8.24 

0.31 

284h 

DMSO-dh + CDCI, 

7.85 

7.83 

0.02 

_ 

_ 

_ 

851JC(B) 1224 

285h 

DMSO-dh + CDCI, 

— 

_ 

- 

7.60 

7.83 

0.23 

284i 

TFA 

8.26 

8.20 

0.06 




881 JC< B) 121 

285i 

TFA 




7.81 

8.20 

0.39 

284j 

TFA 

8.02 

7.97 

0.05 




88IJC(B)I2I 

285j 

TFA 

— 



7.57 

7.97 

0.40 

284k 

TFA 

7.87 

7.86 

0.01 

— 

_ 

_ 

87UP4 

285k 

TFA 

— 

— 

— 

7.42 

7.86 

0.44 

290a 

CDCI, 

7.91 

7.92 

0.01 

7.63 

7.51 

0.12 

881 JC( B) 121 

291a 

CDCI, 

7.83 

7.92 

0.09 

7.71 

7.51 

0.20 

290b 

DMSO-dh 

8.12 

7.79 

0.33 

7.47 

7.61 

0.14 

78IJC(B)478 

291b 

DMSO-dh 

7.77 

7.61 

0.16 

7.82 

7.79 

0.03 

290d 

DMSO-dh 

7.46 

7.47 

0.01 

7.60 

7.57 

0.03 

72IJC274 

291d 

DMSO-dh 

7.80 

7.57 

0.23 

7.26 

7.47 

0.21 

290d'' 

DMSO-dh 

7.42 

7.47 

0.05 

7.58 

7.57 

0.01 

86IJC(B)267 

291 d' 1 

DMSO-dh 

7.76 

7.57 

0.19 

7.24 

7.47 

0.23 

290g' 

291g' 

TFA 

TFA 

7.66 

8.35 

7.79 

8.39 

0.13 

0.04 

7.90 

7.21 

8.01 

7.36 

0.11 

0.15 

86IJC(B)807 


" Cyclized products were 284, 285, 290, and 291; Compound 249a was used as the reference com¬ 
pound. 

* Calc, calculated ; Obs., observed; Diff., difference. 

' Compound 256a was used as the reference compound. 

“' Value refers to the H-6 proton. 

■' Value refers to the H-7 proton. 

' DMSO-dh, dimethylsulfoxide-d 6 . 

* TFA, trifluoroacetic acid. 

* Compound 256d is used as the reference compound. 

' Calculated values tally with observed values in both isomers, 290g and 291g, obtained from 289g. 
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TABLE III 

Chemical Shifts of SCH; Protons in Condensed 
4-Thiazolidinones" and in the Corresponding 
Dihydro Series 


SCHi (ppm) 

Compounds (TFA) References 


173b 

175b 

181 

181 <CH, in place of CO) 

284c 

286c 

284d 


2841 

2861 

284h‘ 

286h 

284i 

2861 

284j 

286j 

339b 

339b (CH, in place of CO) 
379 

379 (CH, in place of CO) 


4.33 

3.92 


80HI49 


3.84 
3.18 
4.44 
3.93 
4.86 
4.41 
4.64 
4.(X) 

4.85 
4.37 
4.75 
4.34 
4.82 


8IIJC(B)296 

78THI 

79IJC( I7BI572 

87UP3 

88IJC(B)I2I 

87IJC(B)532 

84JICI053 

8()IJC( B) 1035 


8IIJC(B)294 


4.06 

3.49 

4.65 

3.90 


84JICI050 

82THI 


406 

407 


86IJC(B)264 


" Compounds 173b, 181, 284, 339,379, and 406 

h Solvent: DMSO-d* + CDCI,. 

•' Solvent: TFA + CDCI,. 


structure 484 in which the coupling constant 2 J(CO,H A ) ^ 1 Hz and is 
often not resolved. The l3 C-NMR spectra of 483 and 484 show several 
marked differences. The nonbenzenoid C— H resonance in 483 is at higher 
field than in 484; the ester carbonyl carbon and the carbon attached to the 
sulfur are at lower field in 483 than in 484. these data also offer a method of 
distinguishing one from the other [81JCS(PI)415], The configuration of 
trisubstituted exocyclic double bonds has been established on the basis of 
two-bond and three-bond C— H spin coupling constants (78HCA607; 
79JOC3994, 79TL53). Coupling constant ( 3 /CO,H a ) of the amide carbonyl 
carbon and the olefinic proton (H A ) in 483 having a value of ~6 Hz suggests 
the fumarate geometry (Z-isomer) of the olefinic linkage. 
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H A 

C0 2 R 


(483 ) 


fiV 

v -N^S- A 'C0 2 R 

(484) 



(485) ( 67) 


Adduct 67 is of interest since it possesses an sp 3 carbon atom attached to 
two nitrogens, one oxygen, and one sulfur atom. This leads to the very 
low field l3 C resonance when compared to the sp 3 carbon atom (C-2) in 
485, thus demonstrating that a carbon attached to four heteroatoms is de- 
shielded [81 JCS(P1)415]. 


E. Mass Spectra 

Mass fragmentation of a few condensed 4-thiazolidinones, namely, 
2-ary lidenethiazolo[3,2-a]pyridin-3(2//)-ones (89) (78M12; 79M12),6'(7//)- 
oxospiro l cycloalkane-1,3' (4'//)-[2//]thiazolo[3,2-/>] [ 1,2,4,5 ] tetrazines] 
(181a,b,d-g) [871JC(B)739], thiazolo[3,2-r/]benzimidazol-3(2//)-ones 
(256, 284, 290, and 291) (85THI-85TH3;87UP4), and thiazolo[3,2-«]- 
aceperimidine (422) [87IJC(B)693) have been studied, although struc¬ 
tures of several other condensed 4-thiazolidinones have been confirmed 
by their molecular ion peaks [Mj + . 

The mass spectral fragmentation of condensed 4-thiazolidinones follows 
several pathways. In addition to different modes of cleavage, depending 
on the types of nuclei attached to the thiazolidinone ring, the fragmen¬ 
tation of the thiazolidinone ring follows more or less the same paths (a-e) 
as depicted in Scheme 111. The molecular ion [M] + (486) loses elements of 
CO, CH 2 CO, and SCH 2 CO via paths a, b, and c resulting in the formation 
of [M—CO] + , [M—CH 2 CO] + and [M—SCH 2 CO] + ions, respectively. 
The ion [M—CO] + subsequently decomposes to [M—CO—CS] + by elimi¬ 
nation of CS. The ion [SCH 2 CO] + appears at mlz 74. The 1,2- thiazetido- 
nyl cation at mlz 88, formed via path d from [M] + (486), loses CO to give 
ion H 2 CNS + at mlz 60 which in turn, on successive splitting of two hydro¬ 
gen radicals, gives HN + =C=S at mlz 59 and N + =C=S at mlz 58, respec¬ 
tively. The ion at mlz 88 undergoes decomposition to give ion CH 2 =S + at 
mlz 46, which loses one hydrogen radical to yield thietenyl cation 
CH 2 =S + at mlz 45. The prominent cleavage via path e found in the mass 
spectra of 3-alkyl/arylthiazolo[3,2-a]benzimidazoles (69JHC797) is ob¬ 
served in some condensed 4-thiazolidinones (Scheme 111). 
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(181),(249).(256), 
(284) (290) l (291) 
and (422) 


► : vC ji. 

n £>? 

e d c 

[M]* (486) 


N —f 

.SJ 

m/z 88 


H2NCS - 
m/z 60 


/ 4 ' 

[M-« 


[M-SC^CON]' 


►[M-COTC0-CS]t 
[M-CH 2 COT 
[M-SCH 2 CO] t 


A, 

m/z 74 

k _h‘ 

CH 2 =S —CH=S* 

m/z 46 m/z 45 


- HN=C=S 
m/z 59 


► HN=C=S 
m/z 58 


In the mass spectra of spirolalkane-thiazolo-tetrazine] (181a,b,d-g), the 
molecular ion peaks in 181a,b are the base peaks. On the other hand in the 
mass spectra of 181d-g, the molecular ion peaks are not the base peaks, 
suggesting that 181d-g are not stable under electron impact. This is quite 
understandable since cyclopentane and cyclohexane rings in 181a and 
181b, respectively, are more stable in comparison to higher-membered 
cycloalkane rings 181d-g. In another competing path, the molecular ions 
(from 181), through the cleavage of one bond of the cycloaklane ring, yield 
ions that undergo McLafferty rearrangement as well as loss of methyl and 
hydrogen radicals through a four-centered mechanism to furnish the corre¬ 
sponding fragmented ions [87IJC(B)739]. 

In the mass spectra of thiazolo[3,2-a]benzimidazol-3(2//)-ones (249a, 
256, 284, 290, and 291), the molecular ion peaks are the base peaks in all 
cases except in 284f where the molecular ion peak is the second most 
intense peak. In 256c,d and 284d,k the molecular ions undergo cleavage via 
paths b-e, while 284e-i, 290b, and 291b do not undergo cleavage directly 
via these paths, but these paths are in operation after molecular ions lose 
one halogen atom. With 256c,d, 290g and 291g, the molecular ions undergo 
successive demethylation and decarboxylation resulting in the contraction 
of a six-membered ring to a five-membered ring to give the [M— 
CH,—CO] + ion. Similar loss of a methyl radical followed by CO has been 
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(492 ) (491 ) 

Scheme 112 



(490) 


reported in the mass spectra of aromatic methyl ethers (63T2233). The 
mass fragmentation patterns were substantiated by shifts in the peaks 
(corresponding ions) of substituted groups or by following the isotopic 
cluster of peaks (ions containing bromine or chlorine atoms). Most of the 
fragmentation modes postulated in the mass spectra of condensed 4-thia- 
zolidinones have been supported by metastable transitions. 

With arylidenethiazolo[3,2-a]pyridin-3(2//)-ones (89), the molecular ion 
peaks are found to be highly intense. The [M]' + ion (487) loses an aryl 
group (R 3 ) at the 7-position to give fragment ion 488 as the base peak. Ion 
490, obtained after the split of CO from 488 via 489, decomposes to 
fragmented ion 491. This is the only ring cleavage observed in all the 
compounds of this series (89). Molecular ion 487 also loses the alkoxy- 
carbonyl group (R 4 ) at the 6-position. The temperature dependence of 
mass spectra was tested, and the increase in the fragment ion intensity was 
observed only in the thiazolidinone ring-opening fragmentations (79M12). 
The fragmentation patterns were deduced from shifts in the peaks by 
substituted groups and by deuterated derivatives. Some of the patterns 
were also confirmed by the metastable peaks (78MI2; 79M12) (Scheme 
112 ). 

IV. Molecular Dimensions 

X-Ray Diffraction 

A single crystal X-ray study (78TL2621) of one of the products obtained 
from the reaction of benzimidazolyl-2-thione (247) with DMAD confirms 
thiazolidinone structure 23, which was earlier tentatively assigned on the 
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basis of chemical evidence (61ZOB394; 77MI1). This is an isolated in¬ 
stance of X-ray analysis of a condensed 4-thiazolidinones. 


V. Reactions of Condensed 4-Thiazolidinones 

A. Reactions with Electrophiles 

The methylene carbon atom in a condensed 4-thiazolidinone flanked by 
a sulfur atom and a carbonyl group possesses enhanced nucleophilic activ¬ 
ity and attacks an electrophilic center with ease. If the structure permits, 
the reaction product loses a molecule of water, and an unsaturated deriv¬ 
ative is formed. The reaction is carried out in the presence of a base which 
abstracts a methylene proton. It is the anion thus formed that attacks the 
electrophilic center. Generally, the anion condenses with aromatic al¬ 
dehydes, nitroso compounds, aryldiazonium salts, and ethyl orthofor¬ 
mate, as well as undergoing Vilsmeier-Haack and Mannich reactions. 

1. Alkylation 

Condensed 4-thiazolidinones (493) react with aromatic aldehydes in the 
presence of a base such as piperidine (58JOC24; 63ZOB945; 64JOC1715; 
65ZOBI276; 67KGS894, 67MI1; 69AJC2697; 70IJC10; 70LAI32; 
71KGS93; 7IKGS822), anhydrous sodium acetate, I58JOC897; 68JIC710; 
691JC767, 69IJC769; 70IJC10, 70IJC885; 72JPR785; 76ZN(B)1U; 
77JHCI093, 77ZN(B)94; 78IJC(B)329; 80M12; 821JC(B)3I5; 84JIC89; 
851JC(B)1227; 86IJC(B)354, 86IJC(B)812; 87IJC(B)693, 87IJC(B)739], tri- 
ethylamine (50BRP63495I; 51JCS734; 56JCS36I), or DCC-pyridine mix¬ 
ture (65ZOB 1 276) to afford arylidene derivatives (494) in good to excellent 
yields (A = imidazole, benzimidazole, triazole, pyrimidine, triazine, ben¬ 
zodiazepine, pyridoimidazole, purine, quinazoline, perimidine, diazepine, 
aceperimidine, spirocycloalkanotetrazine or spiroindanotetrazine nu¬ 
cleus). The activity of the methylene hydrogens is further illustrated by 
their reaction with ethyl orthoformate in the presence of acetic anhydride 
to give ethoxymethylidene derivative 495 in moderate yield (A = benzimi¬ 
dazole or naphthoimidazole) (50BRP63495; 5IJCS734; 56JCS36I; 
79UKZ1096; 80M12). The easy formation of aminoalkenylated derivative 
496 from 493 (A = benzimidazole) and DM F in the presence of phosphoryl 
chloride (Vilsmeier-Haack reaction) suggests the nucleophilic character 
of the methylene carbon (65MII). The nucleophilic reactivity of the methy¬ 
lene group in 493 is also demonstrated by its ability to undergo alkylation 
with formaldehyde and a variety of primary and secondary amines (Man- 
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nich reaction) giving alkyl/dialkylaminomethyl derivatives 497 in moder¬ 
ate yield (A = imidazole or benzimidazole nucleus) [69JMC962; 
71KGS822; 81ZN(B)50I]. There is only one instance each of a func¬ 
tionalized aldehyde (glyoxalic acid) (78TL2621) and a ketone (acetone) 
(63ZOB945) reacting with 493 (A = benzimidazole). The two reactions 
resulted in the formation of 498 and 499, respectively (Scheme 1 13). 

2. Diazo Coupling 

The methylene carbon in 493 couples readily with aryldiazonium salts in 
weakly acidic or basic medium to give arylhydrazones (500) in high yields 
(A = imidazole, benzimidazole, triazine, imidazopyridine, or quinazoline 
nucleus) 163ZOB945; 65ZOBI276; 67KGS894, 67M1I; 68KGSI008; 70- 
LA1321; 71KGS822; 72JPR785; 74JPRI63; 76ZN(B)I397; 77ZN(B)94; 
81ZN(B)50I; 83AP985; 86PHA324] (Scheme 113). The UV and 1R spectro¬ 
scopic data of the reaction products suggest the existence of hydrazone 
form 500 along with its tautomeric azoform. 


0 



(499) (500) ( 501 > 

Scheme 113 
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3. Reaction with Nitrosoarenes 

The methylene carbon in 493 is capable of reacting with nitrosoarenes in 
the presence of a base such as sodium carbonate or piperidine to give 
arylimino derivatives 501 (A = imidazole or benzimidazole nucleus) 
(63ZOB945; 65ZOBI276; 67KGS894, 67M1I; 71K.GS93, 71KGS822) 
(Scheme 113). 

A comparative study on the reactivity of the methylene hydrogen atoms 
in sulfur-nitrogen heterocycles towards an electrophilic reagent as exem¬ 
plified by their reactions with aldehydes was undertaken. It was found that 
the reactivity decreased in the order of 249a > 35 > 502 > 503. Com¬ 
pound 504 is as unreactive as 503. This clearly demonstrates that the 



(249a > 05 ) (502) (503) 


adjacent sulfur is thus a prerequisite condition for the activity of the 
methylene group situated at the a-position with respect to lactam carbonyl 
group (70M11). 

4. Reaction with Acids 

Condensed 4-thiazolidinones (505) having an azo-methane linkage, and 
on heating with acid, undergo ring fission at the C=N double bond to give 
thiazolidin-2,4-dione derivatives (507) (A = imidazole or benzimidazole 
nucleus) (61UKZ503, 6IZOBI635; 80EUP2978). Structure 505 is first pro- 
tonated with an acid to form the quaternary salt 506, which behaves as an 
ambident electrophile and becomes the target of nucleophilic attack. The 
ring fission takes place by nucleophilic attack at the carbon flanked by 
sulfur and nitrogen and gives rise to thiazolidin-2,4-dione derivative 507 
(Scheme 114). 



(505) (506) (507) 

Scheme 114 
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B. Reactions with Nucleophiles 

1. Amination 

Condensed 4-thiazolidinone (508) behaves like an amide as illustrated by 
its reaction with carbonyl reagents such as hydrazines (58JOC897; 70- 
LA132; 72JPR785; 74JPR147) and amines (72JPR785; 74JPR147; 
76JPR168) resulting in the fission of the thiazolidinone ring to give 509 
(A = imidazole or benzimidazole nucleus) and 510 (A = imidazole or 
quinazoline nucleus), respectively (Scheme 115). 

2. Reaction with Alkali 

The condensed thiazole system (devoid of a carbonyl function) is stable 
to alkaline hydrolysis, whereas in the condensed 4-thiazolidinones (508), 
the carbonyl function imparts instability and the amide linkage undergoes 
fission in alkaline medium to give thioacids 511 [50BRP634951; 51JCS734; 
56JCS36I, 56JOC24; 72M1I; 75JAP7552065; 791JC(I8B)39; 8I1JC(B)538; 
81JCS(P1)415; 83IJC(B)243; 84IJC(B)316] (Scheme 115). 

3. Reaction with Alcohols 

2-Fluoro-2-trifluoromethylthiazolo[3,2-a]benzimidazol-3(2//)-one (508; 
A = benzimidazole nucleus, R 1 = F, R 2 = CF 3 ), on heating in alcohol 
even for a short period, undergoes alcoholysis to give ester 512. The 
electron-withdrawing nature of the fluorine and trifluoromethyl groups at 


rnhnh 2 



(511 ) 


(512 ) 
Scheme 115 
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the 2-position makes the thiazolidinone ring labile towards mild nucleo¬ 
philic attack (78BCJ3091) (Scheme 115). 

4. Reaction with Grignard Reagents 

The mode of reaction of condensed 4-thiazolidinones with Grignard 
reagents depends on the nature of substituents at the methylene carbon 
atom. Thus, arylidene derivative 513 reacts with a Grignard reagent to 
yield Michael-type adduct 514 (A = imidazole or benzimidazole nucleus) 
by addition of the Grignard reagent to the C=C double bond rather than to 
the carbonyl group (70LA132; 72JPR785; 76JPR168). However, in 186 and 
518, where Michael addition is not possible, these compounds undergo 
normal Grignard reaction to furnish the corresponding hydroxy products 
(517 and 519 in good yield (70LA132; 74FRP2164490) (Scheme 116). 

5. Reaction with Diazomethane 

Reaction of 513 (A = benzimidazole nucleus) with diazomethane yields 
methylated product 515. The formation of 515 may be rationalized by the 
initial formation of a Michael adduct which, on subsequent loss of nitrogen 
and prototropic rearrangement, gives rise to 515 (70LA132) (Scheme 116). 



-Ar 0 

sA 

(515) 

(513) 

(514) 

0 

0 

HO R 

"N-A.Br 

^,.Ls*CH(Br)Ar 
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w 

(516 ) 

(186) 

(517) 




^NC 6 H 4 NMe 2 -p 
N d RMaBr 


00 


HO R 
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(518) 


Scheme 116 


(519 ) 
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C. Halogenation 

Facile addition of bromine to the C=C double bond in 513 results in the 
synthesis of dibromo adducts (516; A = imidazole, benzimidazole, peri- 
midine, ordiazepine nucleus) (68JIC7I0; 69AJC2697, 69IJC767,69IJC769; 
70IJC10, 70IJC885; 81JICI117) (Scheme 116). 


D. Oxidation 

The inertness of the 4-thiazolidinone ring towards oxidizing agents is 
demonstrated by the isolation of thiazolo[3,2-<j]benzimidazol-3(2//)-one 
(249a) as the oxidation product during oxidation of 3-hydroxy-2,3- 
dihydrothiazolo[3,2-a]benzimidazole (250) by chromium trioxide in pyri¬ 
dine (67CJC2903; 68CPB2167). Structure 447c and 440k, on peracid oxida¬ 
tion, afford the corresponding sulfoxides (74JOC3631), whereas attempted 
peracid oxidation of 249a resulted in ring fission (70LA132). 


E. Reduction 

The amide carbonyl group in 151 is reduced by diborane to give deoxo- 
compound 152 (70JHC1231). Reduction of 186 with phenyl lithium gives 
517 (R = Ph) (73GEP2I60655). The reductive cyclization of 2-(o-nitro- 
benzylidene)thiazolo[3,2-a]benzimidazol-3(2//)-one (520) with zinc dust in 
acetic acid to give quinolino[3,2:5,4']thiazolo[3',2':l,2]benzimidazole 
(521) provides the means for constructing the thiazoloquinoline ring sys¬ 
tem (79MI3). Similarly, reduction with sodium dithionite of the hydrazino 
group in 522 to the corresponding 2-amino derivative 523 serves as a 
method for synthesizing 2-amino derivatives (70JMC1018) (Scheme 117). 



(520) (521 ) (522) (523) 


Scheme 117 
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F. Thionation 

Conversion of a carbonyl group to a thione group in condensed 4-thia- 
zolidinone can be affected by phosphorus pentasulfide, as exemplified by 
the synthesis of thiazolo[2,3-c]-[l ,4]thiazin-3(2//)-thiones from 139 and 
phosphorus pentasulfide in boiling dioxane (64M1335). 


VI. Useful Applications of Condensed 4-Thiazolidinones 

A. Biological Properties 

Condensed 4-thiazolidinones have been shown to exhibit antifungal 
[69AJC2697, 69IJC767 , 69IJC769; 70IJC10, 70IJC885; 72MI2; 78IJC- 
(B)478; 81JIC1117; 84J1C89, 84J1C1050, 84JICI053; 871JC(B)693], 
antibacterial (69AJC2697, 69JJC767, 69IJC769, 70IJCI0, 70IJC885; 
72M12; 84J 1C 1050. 84J1CI053; 85MII), anticonvulsant [69JMC962; 
70JMC1018; 76JAP74I09398, 76USP3897446. 76USP390I879, 76USP- 
3906001; 77JHC1093; 83IJC(B)785], anti-inflammatory (86JHC1359, 
86USP4588812), herbicidal (85JIC147), central nervous system 
depressant (70USP3475424), antispasmodic (61ZOB1635; 69JMC962), 
carcinostatic (59JOC1410; 78MI1; 79MI1), reserpine antagonistic 
(73USP3732219), muscle relaxant (76JAP74109398, 76USP3897446, 
76USP3901879, 76USP3906001), sedative (76JAP74109398, 76USP- 
3897446, 76USP3901879, 76USP3906001), and antihypertensive (61- 
ZOB1635; 83AP569; 85AP502) properties. Arylidene derivatives of con¬ 
densed 4-thiazolidinones are found to be better fungistatic agents than the 
parent condensed 4-thiazolidinones, whereas both possess almost the 
same antibacterial properties. Condensed 4-thiazolidinones are better an¬ 
tibacterial agents than their thiazole counterparts. Introduction of bromine 
enhances the fungicidal and bactericidal properties of condensed 4-thia¬ 
zolidinones (72MI2). 


B. Dyestuffs 

Condensed 4-thiazolidinones have found applications as intermediates 
in the synthesis of cyanine and merocyanine dyes used as photographic 
sensitizers for silver halide emulsion (50BRP634951; 51JCS734; 
55BRP730489; 56BRP734792, 56BRP749193, 56JCS361; 57BRP743133, 
57BRP749189, 57BRP749190; 58BRP785334, 58BRP785939; 65MI2; 
66BEP668594; 67BRP1072384, 67EGP49396, 67GEP1235738, 67MI1; 
68URP210658; 71KGS93; 75BRP1392499, 75JICI193; 82USP4304908). 
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I. Introduction 

Many natural products, drugs, or plant protection agents are amino- 
nitrogen heterocycles. Thus, methods for their efficient synthesis are of 
considerable practical and technical interest. This chapter will discuss 
primarily the advances made in the amination of nitrogen heterocycles 
since the comprehensive review by Shepherd and Fedrick on “Reactivity 
of Azine, Benzoazine, and Azinoazine Derivatives with Simple Nucleo¬ 
philes” was published in this series in 1965 (65AHC145). 

Because the mechanisms of nucleophilic substitution of N-heterocycles 
containing a leaving group as well as the reactivities of different types of 
N-heterocycles were dealt with in detail in the article by Shepherd and 
Fedrick, only the most important facts will be discussed here. Further¬ 
more, because of the vast number of recent publications and patents 
describing the standard technology of conversion of hydroxy-N- 
heterocycles into the corresponding chloro derivatives, which are subse¬ 
quently aminated, only the general problems connected with this method 
as well as some pertinent applications of this standard methodology will be 
discussed. 


II. Theory and General Mechanisms; 

Addition-Elimination Mechanism 

The rate of the attack of amines on nitrogen heterocycles containing a 
leaving group X, followed by subsequent elimination of X, is dependent on 
the nature of (a) the heterocycle, (b) the amine, (c) the solvent, and (d) the 
leaving group and will be dealt with in Section III. The aminations of 
N-heterocycles containing a leaving group X, as exemplified by 1 or 4, lead 
to addition products 2 or 5 and are followed by subsequent eliminations of 
leaving group X to finally give amination products 3 or 6. The formation of 
the addition-elimination (AE) intermediates 2 and 5 is favored by electron- 
withdrawing substituents at the heterocyclic system and additional nitro- 




2 
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gens in the ring as well as the addition of protons and Lewis acids to the 
ring nitrogen in 1 or 4. It is obvious that with X = H, intermediates 2 or 5 
can be transformed into the aminated products only by oxidation, by 
vicarious nucleophilic amination as discussed in Sections V,C and V,D, or 
by elimination of metal hydride as in the Chichibabin reaction (Section 
V,C). 

The addition of protons or Lewis acids to an a- or -y-ring nitrogen atom to 
facilitate the formation of AE intermediates 2 and 5, and thus to accelerate 
the process of amination, was originally discovered by Banks (44JA1127) 
and subsequently investigated by a number of other authors (52JCS437; 
54JCS1190; 46JCS1563; 73JHC511) and reviewed elsewhere (60AG294; 
65AHC145). The structure of AE intermediates in heteroaromatic 
(72JA7927; 76TL4427; 79JOC2556) as well as aromatic [58JA6020; 
79JA956; 85JCS(P2)87, 85JCS(P2)929 , 85JOC649; 87JCS(P2)951, 
87JCS(P2)987; 88JA3495, 88JA3512] nucleophilic substitution has been 
further examined, and evidence has been presented for single-electron 
transfer in some cases (88JA3495 , 88JA3503, 88JA35I2). Hydrochloric 
acid or H 2 S0 4 , preferably in the form of their ammonium salts—NH 4 C1, 
(NH 4 ) 2 S0 4 or p-toluenesulfonic acid-dihydrate. camphorsulfonic acid, 
CF 3 SO 3 H or (CHjhSiOSCLCFj—can be used as Lewis acids (84CB1523). 


III. Reactivity Factors in Aminations 

A. Reactivity of Different Nitrogen Heterocycles 

As summarized by Shepherd and Fedrick (65AHC145), the aromaticity 
(and basicity) of heterocyclic systems increases with a decreasing number 
of nitrogen atoms. Consequently, the reactivity of nitrogen heterocycles 
with a leaving group X in a- or -y-position to a ring nitrogen atom decreases 
in the same order as illustrated by the following sequence (Scheme I) (cf. 
51JA4773; 54JOCI830; 66M11; 73CB3398). 
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Because of the annelated benzene ring, quinoline, isoquinoline, or 
phthalazine have enhanced reactivities compared to pyridine and pyrida- 
zine. Thus, 2-chloroquinoline reacts ~ 100 times faster with piperidine than 
2-chloropyridine (66MI1; 73CB3398). Furthermore, an electron-attracting 
group such as the o- or p-nitro group, as in 2-chloro-3-nitropyridine, 
enhances the reactivity of the chlorine toward secondary amines. When 
compared to 2-chloropyridine, the enhancement is more than 10 6 ( 66 MI1; 
73CB3398). Because of this increase in aromaticity and basicity and conse¬ 
quent decrease in reactivity, the formation of the nonaromatic addition 
intermediates such as 2 and 5 becomes less and less favored and is most 
difficult in the case of 2 -substituted pyridines, which therefore represent 
the ultimate test of each amination method. 

Furthermore, the reactivity of a leaving group X in heterocyclic systems 
such as 7 (86M1305) and 8 (Section IV,D) is dramatically increased by 
conjugation with a carbonyl group. The reactivity of these systems with 
amines is further enhanced by addition of a proton or Lewis acid to the 
carbonyl group in 7 or 8 (cf. 150-166). 



7 8 

B. Reactivity of Different Amines 

The more basic and sterically less hindered amines undergo a much 
more rapid amination than weakly basic amines, as indicated by the fol- 
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Scheme 2 


lowing rate constants (66MI1; 73CB3398) for the reaction of 2-chloro- 
quinoline ( 9 ) and 2-chloro-3-nitropyridine ( 11 ) with amines to afford the 
corresponding aminated products 10 and 12 (Scheme 2). Significantly, the 
given order of reactivities is not influenced by changing the activating 
substituents, the leaving group, the solvent, or the reaction temperature. 
Piperidine, for example, usually reacts ~10 4 times faster than aniline. 

The rate constant for aminolysis of a given 2-chloropyrimidine by an 
alkylamine is almost unaffected by increasing the chain length of by 
•y-branching of the chain. A /3-branch has a small slowing influence, 
whereas one a-branch reduces the rate to 5%, and two a-branches reduce 
the rate to 0.1% of the corresponding //-alkylamine (69M11). The reaction 
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In the case of volatile amines, such as ammonia, methylamine, and 
dimethylamine, an autoclave must be used to permit reactions at higher 
temperatures; alternatively, silylated amines are applied (Section IV,D). 
Instead of these low-boiling and volatile amines, their corresponding 
acetates (cf. 128 —> 129 ; 141 —» 142 ), formamides or phosphoroamidates 
can be used as solvents and reactants to permit reactions at higher temper¬ 
ature and normal pressure. 

As demonstrated in Sections IV,B, IV,F, and IV,H, jV-methylforma- 
mide, /V,N-dimethylformamide (DMF) or hexamethylphosphoric triamide 
(HMPA) react readily with nitrogen heterocycles containing different leav¬ 
ing groups. A further possibility is the use of higher boiling hydrazine fol¬ 
lowed by subsequent cleavage of the N—N bond. Thus, 2-chloro-3- 
nitropyridine (11), on heating with hydrazine in acetonitrile, affords 2 - 
hydrazino-3-nitropyridine (20), which, on Raney—nickel hydrogenation, 
furnishes 2,3-diaminopyridine ( 21 ) (85EUP159112). Analogously, 3-nitro- 
4-ethoxypyridine ( 22 ) gives rise to 3-nitro-4-hydrazinopyridine ( 23 ) in 89% 
yield, which can be hydrogenated to 3,4-diaminopyridine ( 24 ) in 90% 
yield. Ethyl carbazate, acethydrazide, benzhydrazide, or tosylhydrazide 
can be used instead of hydrazine (85EUPI59112). 



22 23 24 


C. Influence of Solvents 

The nucleophilic reaction between two uncharged partners is strongly 
dependent on the polarity of the solvent (69CRV1), as exemplified by the 
reaction between 4-nitrofluorobenzene and piperidine (63MI1) which is 
~10 4 times faster in dimethylsulfoxide (DMSO), DMF, or /V-methylpyr- 
rolidone than in benzene and is furthermore base catalyzed by the piperi¬ 
dine (63MI1; 64CB3277). As mentioned in Section III,B, polar solvents 
such as M-methylformamide, DMF, yV-methylpyrrolidone or HMPA can 
also serve as reactants in special cases to transform nitrogen heterocycles 



124 HELMUT VORBRUGGEN [Sec. III.D 

containing a leaving group into the corresponding amino compounds (Sec¬ 
tions IV,F and IV,H). 

In the case of silylation-amination (Section IV,D), usually no solvents 
are employed since silylation transforms the polar and often high-melting 
hydroxy-nitrogen heterocycles, as well as polar hydroxy amines, into 
nonpolar lipophilic silylated derivatives that mix readily without solvents 
(84CBI523). 


D. Effect of the Leaving Group 

The formation of reactive intermediates 2 and 5 (Section II) and their 
subsequent elimination of X” to give the desired aminated products 3 and 6 
is strikingly dependent on the nature of the leaving group X, as exemplified 
by the reaction of 2-substituted pyrimidines with amines (25 —> 26) 
[69JCS(C)2720, 69MI1; 71JCS(C)1889; 79ACR198]. In Table I (69MI1), 



26 


TABLE I 

Some Comparative Figures for Reactivity 
of 2-Substituted Pyrimidines 


Pyrimidine 

Approximate 
relative reactivity 

2-SMe 

20 

2-OMe 

80 

2-C1 

3,000,000 

4,6-diMe-2-2SMe 

1 

2-OMe-4,6-diMe 

60 

2-Cl-4,6-diMe 

300,000 

5-Br-2-SMe 

80 

5-Br-2-OMe 

400 

5-Br-2-CI 

60,000,000 

2-SMe-5-N0 2 

4,000,000 

2-0Me-5-N0 2 

100,000,000 

2-CI-5-N0 2 

10,000,000,000,000 
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approximate comparative figures are given for the reactivity of such 2- 
substituted pyrimidines 25 toward aminolysis. Even the mildly electron- 
withdrawing 5-bromo substituent accelerates the aminolysis of 2- 
methoxypyrimidine by a factor of 5, whereas a 5-nitro substituent in 25 
accelerates aminolysis of 2-chloropyrimidine by a factor of — 10 7 ! 

Although the 2-methanesulfonyloxy or 2-trifluoromethanesulfonyloxy 
leaving groups are not included in Table 1, substituted pyrimidines 25 or 
other nitrogen heterocycles containing a 2-trifluoromethanesulfonyloxy 
group can undergo nucleophilic substitutions several orders of magnitude 
faster than tosylates or bromides (79ACRI98). The order of reactivity of 
leaving groups is, however, dependent on the system that undergoes 
nucleophilic substitution. Moreover, the reaction rate only reflects the 
nucleofugality of the leaving group if the leaving group is involved in the 
rate-determining step (79ACRI98). Since the formation of AE interme¬ 
diates 2 or 5 seems to exert an influence on the overall rate of animations, 
the leaving groups X in 2 or 5 might not always be rate determining. The 
elucidation of the detailed reaction mechanism of these AE aminations 
would be highly desirable. 

IV. Aminations via Leaving Groups Derived from 
Hydroxy-N-Heterocycles 

A. Introduction 

The thermal stability of hydroxy-N-heterocycles, which usually exist in 
the lactam form (Sections 11-1V), has the consequence that the elimination 
of water during amination occurs only under forcing reaction conditions. 
In the absence of acidic catalysts, 2-(l//)-pyridinone (27) is aminated by 
ammonia, upon heating for 3| hr at 350°C and 100 bar, to give 2-amino- 
pyridine (28). The analogous amination of 27 with the weakly basic aniline 
furnishes, after 5 hr at 350°C, only 30% of 2-phenylamino-pyridine (29), 
whereas reaction of 27 with 2-aminopyridine gives rise to 20-30% 2,2'- 
dipyridylamine (30) (7IGEP2032403). 

In contrast to the unreactive 2-(l//)-pyridinone (27), the much more 
reactive 4-hydroxy-2-(l//)-pyridinone (31) (cf. 7 and 8 in Section III, A) is 
easily aminated by boiling it in excess benzylamine to give 32 in 89% yield 
(84S765). Some heterocycles, such as methyl-4-oxo-1,4-dihydroquinoline- 
2-carboxylate (33), are transformed by the very reactive chlorosulfonyl- 
isocyanate (CS1) or other reactive sulfonyl- or acylisocyanates in aceto¬ 
nitrile of 1,2-dichloroethane at room temperature with evolution of carbon 
dioxide to intermediates such as 34, which are hydrolyzed by aque¬ 
ous hydrochloric acid to methyl-4-aminoquinoline-2-carboxylate (35) 
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(84S1058). However, as pointed out in Section IV,B), CSI can also trans¬ 
form hydroxy-N-heterocycles into the corresponding chloro compounds 
(cf. 57 —* 59) (86SC543). 



H h 

33 34 35 

On comparing the different modes of activation of a given hydroxy-N- 
heterocycle, one must realize that leaving groups such as O-sulfonates or 
O-phosphates can react in two different ways, as depicted in the following 
case of 2-sulfonyloxypyridine (36). 
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On reaction with amines R'NHR 2 , only the AE (reaction sequence A) 
with C—O bond scission will lead to amination product 37 and sulfonic 
acid 38, whereas the competing attack on the sulfonyl group (reaction 
sequence B) with S—O bond scission will lead to 2-(l//)-pyridinone (27) 
and a sulfonamide 39, thus decreasing the yield of the desired amination 
product (cf. 209 —» 210 in Section IV,E). This B-type of scission is also 
common for other leaving groups. Thus, derivatives of 2-(l//)-pyridinone 
(27), such as bis(2-hydroxy-pyridyl)-carbonate, are used as activated de- 
rivates of carbon dioxide in the presence of 4-dimethylaminopyridine 
(DMAP) (880PP145). 



H 

27 


It might be worthwhile to study the extent to which ortho-substituents 
in benzenesulfonates hinder the attack of amines on the sulfonyl group 
(attack B) and thus favor the desired amination (attack A) (cf. 212 —»213 in 
Section IV,E). 


B. Chloro and Bromo Groups 


1. Introduction 

For many years, chloride, and to a lesser degree bromide, ions have 
been the most important leaving groups for preparative and large scale 
aminations of nitrogen heterocycles. 

2. Preparation of Chloro- or Bromo-N-Heterocycles 

A chlorine atom as a leaving group is usually introduced by treatment 
of hydroxy-N-heterocycles such as 4 -(\H )-pyridinone (40) with either 
POCI 3 , PCI 5 , SOCI2, S0 2 Cl 2 ,or Vilsmeier reagent to give 4-chloropyridine 
(41) (47CA6245). These conversions of hydroxy-nitrogen heterocycles 
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to the corresponding chloro heterocycles frequently give only moderate 
yields of the corresponding chlorine compounds because of side reactions 
of PCI,, POCI, (62USP3021332; 81CPBI069 ; 86ABC495; 880PP285), 
SOCb, or SO2CI2 (36JPR188), especially when the heterocycles con¬ 
tain a methyl or alkyl substituent. Thus, 2-methyl-4-( 1 //)-quinolone 
(42), on heating in POCI 3 , affords 4-chloro-2-trichloromethyl- 
quinoline (43) in 60% yield, 3,4-dichloro-2-trichloromethylquinoline (44) 
in 4% yield, and 3,4-dichloro-2-dichloromethylquinoline (45) in 2% yield 
(81CPB1069). 



Apparently because of these side reactions, 2,4-dihydroxy-5,6,7-trimeth- 
ylpyrido[2,3-</]pyrimidine (46) on reaction with excess POCI, followed 
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by evaporation of POCI3, aqueous workup, and subsequent treatment with 
alcoholic ammonia, gives less than 10% of the desired 2,4-diamino-5,6,7- 
trimethylpyrido[2,3-t/]pyrimidine (47) (62USP302I332). Analogously, 2- 
methyl-4-hydroxypyrido[3,4-*/]pyrimidine (48), on treatment with POCI3 
and Af,N-dimethylaniline for 18 hr in boiling benzene, affords only a 45% 
yield of the corresponding unstable chloro compound 49, which re¬ 
acts readily with benzylamine in boiling ethanol to give 2-methyl-4- 
benzylaminopyrido[3,4-</]pyrimidine (50) in 96% yield (86ABC495). The 
silylation-amination of 48, however, affords 50 in 96% yield in one reac¬ 
tion step (Section IV,D). All attempts to convert 2-alkyl- or 2-amino-5,8- 
dihydroxy-pyrimido[4,5-t/]pyrazines into the corresponding 5,8-dichloro 
compounds by treatment with POCI3/PCI5 failed due to side reactions with 
the 2-alkyl or 2-amino groups (72CPB15I3; 89T4485). These examples may 
suffice for reactions with POCI 3 or POCI3/PCI5. 



Likewise, SOCl 2 chlorinates 6-methylnicotinic acid (51) to trichloroni- 
cotinoyl chloride (52) (36JPR188), whereas 4-methyl-nicotinic acid (53) is 
transformed by SOCL into the dichlorothio lactone 54 (44JA1456; 



53 54 


69JOC247), as are 2-methylquinoline-3-carboxylic acids (78JHC687). Side 
reactions with SOCL have been reviewed (8IS66I). As a consequence of 
these chlorinations of methyl or alkyl groups, substituted hydroxy-N- 
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heterocycles often give higher yields when aminated using alternative 
methods. 

In transformations of hydroxy-N-heterocycles with SOCE into the cor¬ 
responding chloro-N-heterocycles, the addition of methane-sulfonic acid, 
methanesulfonyl chloride, or 4 -dimethylaminopyridine [87Cl(L)694], as 
well as of phase-transfer catalysts such as benzyltriethylammonium 
chloride (87EUP225866)ortetraethylammonium chloride (86EUP203685), 
can increase the yield of the chlorinated products. In the case of maleic 
hydrazide (55), addition of methanesulfonic acid raises the yield of 3,6- 
dichloropyridazine (56) as well as that of chloropyridine-carboxylic acid 
chlorides [87CI(L)694]. Although the analogous conversion of 2-{\H)- 
pyridinone into 2-chloropyridine failed [87CI(L)694], this compound can 
be readily obtained on a preparative scale by chlorination of pyridine at 
temperatures of 270-300°C (39RTC709). 



Since the transformation of hydroxy-N-heterocycles into the corre¬ 
sponding chloro-heterocycles involves the prior acylation of the hydroxy- 
N-heterocycles by POCI 3 or SOCl 2 to intermediate chlorophosphates or 
sulfinic esters, the addition of nucleophilic catalysts such as DMAP 
[78AG(E)569] accelerates all these chlorination reactions as in the case of 
4-(l//)-pyridinone [87C1(L)694] or 3'5'-di-0-benzoyl-2'-deoxyuridine 
(86MI1; 87MI2). However, DMAP can also react readily with the chloro 
compounds to form quaternary products. Other reagents such as diethyl- 
aniline hydrochloride have also been used to promote the transformation 
of 2', 3', 5'-tri-0-benzoyluridine with POCI 3 into the corresponding 4- 
chloro derivative in 45% yield (72CPB1050). 

Whereas SOCl 2 on reaction with hydroxy-N-heterocycles, gives only 
S0 2 and HC1, and excess reagent can be readily distilled off, POCl 3 and 
PC1 5 , after evaporation, leave phosphoric acids as a viscous concentrate, 
which can cause hydrolysis and loss of the chloro-heterocycles during 
aqueous workup. Instead of SOCl 2 or POCl 3 , the Vilsmeier salt can be 
formed and used for chlorinations in situ by adding DMF to SOCl 2 or 
POCI 3 (65CCC2052; 88 CJC 6 I). However, an excess of thionyl chloride 
still seems to be necessary to achieve a good yield of the corresponding 
chloro compound (65CCC2052). Other reagents such as 4-chlorophe- 
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nylphosphoryl chloride and other chlorophenylphosphonyl esters can 
probably be used also (Section V,G) since phenylphosphonic dichloride 
was used for analogous chlorinations (82JMC837; 85H2247. 85JMC1790; 
86T2303; 88 H 1899). 

In addition to the reagents previously discussed, chlorosulfonyli- 
socyanate (CS1) (58) has been applied to convert 6-phenyl-3-(2// )- 
pyridazinone (57) into 6-phenyl-3-chloropyridazine (59) in 80% yield 
(86SC543). 


o Cl 



57 59 


Apart from the side reactions that occur during formation of chloro-N- 
heterocycles, the reactive chloro-heterocycles obtained, such as free 4- 
chloropyridine (41), can dimerize or polymerize to give, after workup, 
compounds such as 4-(4'-pyridyl)-4-pyridinone (60) (54JOC1830; 



61 
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59RTC593). Such 4-chloropyridines can be synthesized in one step on 
reaction of pyridines with thionyl chloride. Thus, picolinic acid hydrochlo¬ 
ride (61), on prolonged heating with thionyl chloride and subsequent 
hydrolysis of the intermediate acid chloride (62), gives 4-chloropicolinic 
acid (63) in 50-55% yield (31CB21). The analogous reaction, with simulta¬ 
neous irradiation with visible light, furnishes the corresponding 2,4- 
dichloropicolinic acid (32JPR36). Whereas the weakly basic picolinic acid, 
or more probably its acid chloride (62) will not dimerize, the reaction of 
pyridine (64) with thionyl chloride probably gives 4-chloropyridine (41) as 
an intermediate, which reacts with excess pyridine to give in high yield the 
chemically stable 4-pyridylpyridiniumchloride-hydrochloride (65). This 
useful compound, commercially available, is difficult to purify [31CB1049; 
54ACS390, 54JCSI795; 56CB292I; 730SC(5)977] and therefore used for 
further reactions in crude form (Section IV,H). 



HCl 

65 


Pyridine or picolinic acid chloride (66; R = H, COCI) reacts presumably 
with thionyl chloride to form a tr-complex (67) that is attacked by a 
chloride ion to give 68. Elimination of HCl and SO, which disproportionate 
to sulfur and sulfur dioxide, ultimately furnishes the corresponding 4- 
chloropyridine hydrochloride (69). In the case of pyridine, the interme¬ 
diate 4-chloropyridine (41) reacts with additional pyridine to form 65. The 
sometimes long initiation periods of these conversions (61 —> 62 and 64 —» 
65) indicate they may in reality be complicated radical reactions (cf. 
81S66I). 



67 68 
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The reaction of 2-aminopyridine (28) with sodium nitrite, bromine, and 
HBr gives 2-bromopyridine (70) in 87% yield (34JA231; 51JA4773). Bro¬ 
mine has also been introduced into quinolines by treating 2- or 4- 
methoxyquinolines with phosphorus tribromide in DMF to furnish 2- 
bromo- or 4-bromoquinoline in 78% and 68% yields, respectively 



(77CL891), 2-Bromoquinoline is also obtained in 81% yield from 2-(l H)- 
quinolinone (carbostyril) with POBr, (51JA4773). 

On treatment of heterocyclic N-oxides with POCI 3 , PC1 5 , or S0 2 C1 2 , the 
corresponding chlorides are obtained with the chlorine atom in the a-, /3-, 
or y-position to the N-oxide nitrogen. 

Nicotinamide-/V-oxide (71) is converted by a mixture of phosphorus 
pentachloride and phosphorus oxychloride in 52% yield to 2-chloronicoti- 
nonitrile (72) (54JOC1633), whereas 2-phenylpyridine-N-oxide (73) reacts 
with sulfuryl chloride to afford a mixture of 43% of 2-phenyl-4- 
chloropyridine (74) and 35% of 2-phenyl-6-chloropyridine (75) 
(53CJC457). 



o 

73 74 75 


If the N-oxides contain methyl groups, these can be chlorinated as 
discussed previously. Thus, 2-methyl-3-nitropyridine-A-oxide (76) is con¬ 
verted by phosphorus pentachloride-phosphorus oxychloride to 6% of 77 
and 8% of 78 (78T3445). More complicated is the reaction of 5- 
nitroquinoline-/V-oxide (79) with POCl 3 to give 35% of 80, 20% of 81, as 
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76 77 78 


well as 10% of 82 (47JA303). For related reactions of quinoline-N-oxides, 
see also Bachman and Cooper (44JOC302). 



0 


79 80 81 82 

The isolation of chloro heterocycles is not always necessary. Chlori¬ 
nation with POCl 3 and amination can be combined in a one-pot reaction as 
exemplified by the reaction of 4-phenyl- 1 -(2//)-phthalazinone (83) with 
POCI 3 in the presence of excess neopentylamine in boiling xylene to 
furnish 84 in 77% yield (85EUPI59652). 



Similarly, the reaction of hydroxy-nitrogen heterocycles with POCI 3 or 
P 2 0 5 in the presence of secondary or tertiary amines at higher tempera¬ 
tures furnishes directly the corresponding dialkylamino-heterocycles as 
discussed in Sections III,B as well as in Sections IV,F and IV,H. These 
results indicate that the transformations of hydroxy-A-heterocycles into 
the corresponding chloro compounds must be carefully investigated and 
optimized to obtain uniformly high yields. 
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3. Amination of Chloro- or Bromo-N-Heterocycles 

Because of the thousands of examples of animations with chlorine or 
bromine as a leaving group, only some selected aminations of chloro- or 
bromo-heterocycles, in addition to those examples already discussed in 
Sections II1,B and I1I,D will be mentioned here, with special emphasis on 
aminations of 2-halopyridines. 

Because of the very low reactivity of 2-substituted pyridines, 2- 
chloropyridine does not react with the weakly basic aniline, whereas 
2-bromopyridine (70) is aminated by aniline in the presence of zinc 
chloride/zinc dust to 2-phenylaminopyridine (29) in 85% yield 
(72CPB2678). Analogously, l-ethoxycarbonylpiperazine gives 85 in 83% 
yield (53JOC1484) (Scheme 3). 2-Chloropyridine (86) (75GEP234I965), 
however, does react with 4-amino-1-benzylpiperidine in the presence of 
copper powder to afford 4-[Af-(pyridyl)-amino]- 1-benzylpiperidine (87) in 
56% yield, as well as reacting slowly with pyrrolidine, morpholine, and 
benzylamine at 75°C in DMSO (66MII). Furthermore, 2-chloropyridine 
(86) reacts at 130°C in DMSO with 4-acetamidopiperidine to give a 25% 
yield of 4-acetamido-l-(2-pyridyl)-piperidine (88) (80EUP45980). 

The more reactive 2-chloro-3-fluoropyridine (89) is aminated readily by 
piperazine in boiling n-butanol to give —60% of 90 (83JMC1696). The 
presence of a polar cyano group allows the 2-chloro-3-cyanopyridine (72) 
to be aminated already at I00°C by methylamine to 2-methylamino-3- 
cyanopyridine (91) in 63% yield (85SC10I3). An additional 6-chloro group, 
as in 92, leads, upon amination with ammonia to a mixture of the corre¬ 
sponding amino compounds 93 and 94. With the weakly basic aniline in the 



Scheme 3 
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polar solvent /V-methylpyrrolidone, 95 and some of compound 96 are 
furnished (77GEP2605467). The cyclization of enaminone 97 in tetrahydro- 
furan (THF) proceeds by addition of a solution of anhydrous tetrabutylam- 
moniumfluoride (TBAF) in dioxane to give a 87% yield of the amination 
product 98 (88TL1931). 



Concluding these reactions with halopyridines, 3-bromopyridine (99), 
which is readily available by bromination of pyridine at 215°C (36CB1534), 
is converted by ammonia at the relatively low temperature of I40°C in 
the presence of cupric sulfate to 3-aminopyridine (100) (36CB1534, 



99 140°C 100 


36RTC122), whereas 2-bromopyridine (70) yields 2-aminopyridine only at 
200°C (36RTC122). 

2,3-Dichloroquinoxaline (101) is aminated by morpholine in the 
presence of excess cesium fluoride/18-crown-6 with simultaneous ex¬ 
change of chlorine by fluorine to give 102 in 78% yield, whereas glycine 
ethylester-hydrochloride affords 103 in 61% yield (87H1215). 



CsF/18-< 

THF 


103 


-NHCH-C00Et 
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As already mentioned in Section III,B, the volatile amines can be 
replaced by the corresponding formamides or phosphoramides. Thus, 
2-chloro-5-nitroquinoline (80) affords, on heating in DMF, the correspond¬ 
ing 2-dimethylamino-5-nitroquinoline (104) in 94% yield with evolution 
of carbon monoxide and hydrochloric acid. The less reactive 2-chloro- 
quinoline gives 2-dimethylaminoquinoline in 76% yield (69CC38). 8- 
Amino-4-chloro-6-methoxyquinoline (105) furnishes analogously the 8- 
amino-4-dimethylamino-6-methoxyquinoline (106) in 65% yield (69CC38). 



2-Chlorobenzimidazole (107), on heating with DMF, gives the correspond¬ 
ing 2-dimethylaminobenzimidazole (108) in 45% yield (66JHC107), and 
2-chlorobenzothiazole affords 2-dimethylaminobenzothiazole in 90% yield 
(65JOC3618). 



107 103 


The electron-withdrawing nature of an N-oxide moiety results in an 
increased reactivity of any leaving group in an a- or y-position to the 
N-oxide moiety. Thus, 4-chloropyridine-N-oxide (109), which is readily 
available from the reaction of 4-nitropyridine-N-oxide with acetylchloride 
(53JOC534), is aminated by dimethylamine or pyrrolidine to give the corre¬ 
sponding (56JCS2404; 57JCS4375; 85M11) 4-dialkylaminopyridine-N- 
oxides (110). These 4-dialkylaminopyridine-N-oxides are of interest due to 
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their high dipole moment of fi = 6.76 D, as in the case of 4-dimethylamino 
pyridine-N-oxide (110) (R 1 = R 2 = CH 3 ) (57JCS1769), and their catalytic 
activities (86CS55) combined with a relatively low basicity of p K a = 3.88 
compared to 9.70 for DMAP [72JCS(P2)671]. 

Finally, the application of high-pressure methods (85S1) to the 
amination of chloro- and bromoquinolines and chloro- or bromopyridines 
(88H319) has been described. Thus, 2-chloropyridine ( 86 ) reacts at 60°C 
and 8 kbar pressure with piperidine to form 2 -piperidinopyridine (111) in 
72% yield. Analogously, 3-chloropyridine (112) reacts at 100°C with pyr¬ 
rolidine to give a 10% yield of 3-pyrrolidinopyridine (113), which is, 
however, obtained in 71% yield under the same reaction conditions from 
3-bromo-pyridine (99) (88H3I9). 



6 Kbar 

112 113 


C. Alkoxy or Aryloxy Groups 

In contrast to hydroxy-N-heterocycles, which usually occur in the lac¬ 
tam or vinylogous lactam form (Section IV,A), the alkoxy- or aryloxy- 
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nitrogen heterocycles exist exclusively in the more reactive iminoether or 
vinylogous iminoether form and are therefore readily aminated with am¬ 
monia or primary or secondary amines. These O-alkyl or O-aryl deri¬ 
vatives, however, can rearrange, especially in the presence of basic amines 
at temperatures above 130°C, to the thermodynamically more stable N- 
alkyl or N-aryl derivatives, thereby decreasing the amination yields 
(69MI1; 72T5507; 86TL5997) (cf. the Chapman rearrangement). 

The conversion of hydroxy-N-heterocycles into the corresponding 
alkoxy derivatives by alkylation with alkyl halides or diazo compounds 
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usually leads to mixtures of O- and N-alkylated products. Thus, conver¬ 
sion of l-phenyl-6-methyluracil ( 114 ) into the silver salt and subsequent 
treatment with isopropyl iodide in octane gives 50% of the desired 4- 
isopropyloxy derivative 115 as well as 1 % of the N-isopropyl derivative 
116 , whereas the corresponding sodium salt gives primarily 116 . The 
4-isopropyloxy derivative 115 , upon heating with aniline to 180-190°C, 
affords the 4-anilino derivative 117 . Amination of 115 with butylamine or 
benzylamine gives the corresponding substituted cytosines 118 and 119 
(70IZV1127; 72IZV2530). 

Treatment of nucleosides, such as thymidine 120 in methanol, with an 
ether solution of diazomethane affords only a 6.5% yield of the desired 
0 4 -methyl derivative 121 as well as 70.6% of N 3 -methylthymidine ( 122 ) 



120 121 122 


and 3.3% of <9 2 -methylthymidine (87MI4). Vilsmeier chlorination of 
uridine-2',3',5'-tri-0-acetate ( 123 ), followed by treatment with sodium 
ethylate in ethanol, gives an 84% overall yield of the crystalline O 4 - 
ethyluridine ( 124 ). This derivative is modified in the ribose moiety and is 
subsequently aminated at 100°C with methanolic ammonia in an autoclave 
to the corresponding modified cytidine 125 (88CPB945). 



AcO OAc 
123 


HO OH 
124 


10 CH. 
125 
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2-Methoxy-5-nitropyridine ( 126 ) reacts readily with N,N-dimethyl- 
ethylenediamine in boiling water to give 89% of 127 (85EUP136730). Anal¬ 
ogously, 4-ethoxy-3-nitropyridine-hydrochloride ( 128 ), is heated at reflux 
for 8.5 hr with an aqueous solution of ammonium acetate to afford 87% of 
3-nitro-4-aminopyridine ( 129 ) (85EUP149537). 



128 129 


In the absence of activating groups, more drastic conditions must be 
applied. Thus, 2-methoxy-5-phenylpyrimidine ( 130 ) has to be heated with 
ammonia to 195-200°C for 4 days to give only 23% of the desired 2- 
amino-5-phenylpyrimidine ( 131 ) as well as 27% of the rearrangement prod¬ 
uct 3,5-diphenylpyridine ( 132 ) (70AJC625). Addition of another ring nitro¬ 
gen, as in 3-methoxy-l,2,4-triazine ( 133 ), results in a much higher reactiv¬ 
ity of 133 , which is aminated by dimethylamine to the desired 
3-dimethylamino-l,2,4-triazine ( 134 ) in practically quantitative yield 
(76CB1113). 
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The corresponding 1,3,5-triazines are even more reactive. Triallyl- 
cyanurate ( 135 ) reacts readily at room temperature with butylamine 
(74GEP2308560) or -y-aminopropyl triethoxysilane to the corresponding 
monoamino derivatives 136 and 137 in nearly quantitative yield 



135 


nC 4 H 9 NH 2 

r^r- 


H 2 N(CH 2 ) 3 Si(OEt) 3 


1 h/30°C 
24 h/22°C 



951 



137 991 


(74GEP2308591). 4,5,8-Trimethoxy-6-aminoquinaldine ( 138 ) is aminated 
by ethanolic ammonia in an autoclave at 120°C to give 139 (78AFJ578). 



138 139 


Similarly, 4,7-dimethoxy-8-aminoquinoline reacts at 120°C with 
hydrazine-hydrate in 73% yield to give 4-hydrazino-7-methoxy-8- 
aminoquinoline (87MI1). 5-Methoxypyrimido-[5,4-c]-l ,2,4-triazine is 
aminated by ammonia at -70°C to the 5-amino analogue (87JHC1657). 

The kinetics of the amination of 2-phenoxy-l ,3,5-triazine with piperi¬ 
dine was investigated. Instead of the acid autocatalysis (Section II), a 
cyclic mechanism is suggested in which a second piperidine, or much more 
effectively, valerolactam, acts as a catalyst for the amination (75AJ1851). 
Similar kinetic results are obtained with 3-phenoxyquinazoline (82G167) 
and 5-methyl-5-phenoxyquinazoline (85JPR865). 

Since 1 ,4-dichloroisoquinoline ( 140 ) is difficult to aminate, it is con¬ 
verted by potassium phenoxide in 65% yield into l-phenoxy-4-chloroiso- 
quinoline ( 141 ), which subsequently reacts with ammonium acetate at 
190°C to give l-amino-4-chloroisoquinoline ( 142 ) (78JHC1513). 
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2',3',5'-0-Protected derivatives of uridine and protected guanosine are 
activated by treatment with 2-mesitylenesulfonyl chloride, a tertiary base, 
and DMAP as the catalyst to the corresponding 4-0- or 6-O-mesitylenesul- 
fonyl derivatives, which react readily with hydroxypyridines or O- 
nitrophenol to form the stable, reactive 143 , as well as the O-deprotected 
144 . These are readily aminated, especially after quaternization of the 
pyridyloxy moiety with methyliodide, by ammonia, methylamine, dimeth- 
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ylamine, piperidine, and morpholine to the corresponding cytidines ( 145 ) 
or 2-aminoadenosines ( 146 ) [86ACS(B)806,86ACS(B)826]. A recent study 
demonstrates that Michael addition of protected thymidine or 2'- 
deoxyguanosine with acrylonitrile or phenylvinylsulfone gives mainly, if 
not exclusively, N-alkylation (88MII). 


D. Silyloxy Groups 

1. Introduction 

For the conversion of 2',3',5'-0-protected uridines into the correspond¬ 
ing cytidines, the 4-carbonyl group has to be activated by conversion with 
phosphorus pentasulfide into the 4-thiocarbonyl group or the even more 
reactive 4-methylthio group (Section IV,I.), or by Vilsmeier reagent into 
the 4-chloro derivative (Section IV,B). The 4-carbonyl group can further¬ 
more be activated with sulfonyl halides or anhydrides (Section IV,E) as 
well as by introduction of the 4-(I,2,4-triazolyl) derivative to be subse¬ 
quently reacted with ammonia or primary or secondary amines to give the 
corresponding cytidines. However, all these conversions of uridine into 
the corresponding cytidines imply at least three reaction steps: 

(a) Protection such as acylation or silylation of the hydroxyl groups in 
the sugar moiety of the starting uridine or thymidine. 

(b) Activation of the 4-position. 

(c) Reaction with ammonia or primary or secondary amines with simul¬ 
taneous or subsequent removal of the acyl groups. 

In their first synthesis of cytidine, Todd and co-workers reacted the 
O-acetylated 4-O-ethyluridine ( 147 ) (obtained via the classic Hilbert- 
Johnson reaction of 2,4-diethoxypyrimidine with 2,3,5-tri-O-acetyl-I- 
chloro-ribose) with methanolic ammonia to afford, via AE intermediate 
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148 , cytidine 149 as well as ethanol as leaving group (cf. Section IV,C) 
(47JCSI052). 

4-0-Alkyl derivatives such as 147 cannot, however, be prepared from 
protected uridines of type 150 in reasonable yield, since N 3 -alkylation is 
always a competing reaction (Section IV,C). Furthermore, at the higher 
temperatures necessary to convert 5-substituted 4-O-alkyl uridines with 
ammonia or amines into the corresponding cytidines, rearrangement of the 
4-O-alkyl group occurs to yield the N 3 -alkyl derivatives. 

2. Trimethylsilanol or Dimethylsilanol as a Leaving Group 

Since O-trimethylsilyl compounds are very similar to the corresponding 
O-alkyl compounds, the polar, hydrophilic uridine ( 150 ) is persilylated 
with hexamethyldisilazane (HMDS) with evolution of ammonia to the 
tetrasilylated-activated lipophilic intermediate 151 , the structure of which 
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is supported by mass spectral as well as UV data (75LA988). Thus, in one 
step, the alcoholic hydroxyl groups of the ribose moiety are protected, and 
the 4-position is activated. Because of the higher acidity of trimethylsilanol 
compared to ethanol, trimethylsilanol is a better leaving group than etha¬ 
nol (59JA6145). 

In a theoretically possible equilibrium between reactive intermediate 
151 and the corresponding N 3 -trimethylsilyl-compound 152, the mobility 
(70ACR299) of the trimethylsilyl group, as well as the high affinity of 
silicon to oxygen, and the gain in aromatic energy in this and other 
hydroxy-N-heterocycles, always results in the reformation of 151. The 
subsequent or simultaneous reaction of 151 with ammonia or amines R 1 - 
NH-R 2 leads to the corresponding silylated cytidine 153 with the loss of 
trimethylsilanol. 

The formation of the activated intermediate for the AE with R'-NH-R 2 is 
accelerated by the addition of a proton or Lewis acid to the 2-carbonyl 
group in 151. This is necessary for aminations of uridine (150) or thymidine 
(162) with weakly basic amines such as aniline, e.g., to 161e (Section 
III, A). Silylated hydroxy-N-heterocycles lacking such an activating conju¬ 
gated carbonyl group, however, usually react only with amines when a 
Lewis acid is present (Section III,A). 

The O-trimethylsilyl group, which seems to resemble an O-tert-butyl 
group, is sterically much less demanding because of the longer O—Si bond 
compared to the O—C bond. In contrast to methanol or ethanol formed 
during these AE reactions, trimethylsilanol dimerizes on heating, espe¬ 
cially in the presence of acids or bases (54JA3408), to form hexamethyl- 
disiloxane and water. 

To remove the water, which is formed on dimerization of trimethylsila¬ 
nol, at least one additional equivalent of a silylating agent such as HMDS 
[boiling point = 126°C] must be used. Excess HMDS can then react with 
trimethylsilanol or water to give hexamethyldisiloxane and ammonia, but 
will also reconvert any “hydrolyzed” hydroxy-N-heterocycle into the 
corresponding activated O-silylated intermediates. Thus, sufficient 
HMDS should be used to silylate the hydroxy-N-heterocycle and all the 
alcoholic, phenolic, or other acidic hydroxy groups present in the hetero¬ 
cyclic or amine moiety. It should also be used to convert trimethylsilanol 
and water (or intruded humidity) from the reaction into hexamethyldisil¬ 
oxane and ammonia (Eqs. 1-3). 

2(CH,),SiOH -» <CH,),SiOSi<CH,), + H 2 0 (1) 

<CH,),SiNHSi(CH,), + 2<CH,),SiOH -> 2(CH,),SiOSi(CH,), + NH, (2) 
(CH,),SiNHSi(CH,), + H,0 - <CH,),SiOSi<CH,), + NH, (3) 
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At normal pressure, the ammonia formed on silylation with HMDS 
evolves so rapidly it does not react with any silylated hydroxy-N- 
heterocycle to give the corresponding aminoheterocycle. Trimethylsilanol 
and hexamethyldisiloxane both exhibit a boiling point of 99°C, but form an 
azeotropic mixture boiling at 70-90°C. Since HMDS has a boiling point of 
126°C, it is advisable to remove trimethylsilanol and hexamethyldisiloxane 
continuously with a small Vigreux distillation column to accelerate the 
reaction and follow its progress. 

With low-boiling amines such as pyrrolidine (bp = 87°C) or diethyl- 
amine (bp = 55°C), the amines have to be transformed first into the 
higher-boiling Af-trimethylsilylated pyrrolidine (bp = 138-I40°C) or dieth- 
ylamine (bp = I26°C) and then reacted with the hydroxy-N-heterocycle in 
the presence of HMDS (cf. reaction of 40 to 184 in this section). Because of 
the difference in relative electronegativities between nitrogen (3.16) and 
silicon (1.64) (76JA7869), the N-silylation of amines makes the nitrogen 
more basic for the nucleophilic attack on the lactam-carbonyl of hetero¬ 
cycles, yet also more bulky! Thus, these effects may negate each other 
depending on the sterical situation (cf. the reaction of 40 with N-silylated 
pyrrolidine to 184 ). 

Since HMDS boils at I26°C, and the least reactive silylated 2-(l H)- 
pyridinone ( 27 ) has to be heated to a much higher temperature to effect 
conversion, 27 is reacted with the stable crystalline and commercially 
available octamethylcyclotetrasilazane (OMCTS) ( 157 ) (melting point = 
97°C, boiling point = 225°C) (57MI1) to afford activated dimeric interme¬ 
diates such as 158 , which can be aminated at 180-200°C in the presence of 
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Lewis acids to give the desired 2-aminopyridines (37). The dimethyldisila- 
nol (159), formed on animation, polymerizes to silicon oil (160) or cyclic 
oligomers, which can be readily removed by extraction with pentane or 
hexane. 

If the heterocyclic systems such as uridine (150), thymidine (162), or the 
amine moieties contain alcoholic or phenolic hydroxyl groups, which are 
silylated and protected during this process of silylation-amination, these 
O-silyl groups have to be removed after completion of the reaction. 

For analytical purposes, e.g., for thin-layer chromatography, the O-silyl 
groups are most rapidly removed by addition of TBAF (72JA6190). For 
preparative workup, the crude reaction mixture is transsilylated by boiling 
with excess methanol for several hours. These transsilylations are acceler¬ 
ated by continuous removal of the trimethylsilylated methanol (boiling 
point = 55°C) formed using a distillation column. 

3. One-Pot Reaction 

Since silylation and amination do not interfere with each other, they can 
be performed simultaneously. Thus, the hydroxy-N-heterocycle, a two- or 
threefold excess of the amine moiety, a slight excess of HMDS, as well as 
catalytical amounts of a Lewis acid are heated with simultanous distilla¬ 
tion of trimethylsilanol and hexamethyldisiloxane as indicated previously. 

a. Solvents. Apart from a few exceptions, such as the amination of 
uridine, thymidine (75LA988), or guanosine (76LA745) with ammonia or 
amines, where formamide, pyridine, or toluene were employed, solvents 
are usually not necessary. If pyridine is used as a solvent, it is important 
that the silylated hydroxy-N-heterocycle is approximately as basic as 
pyridine to permit protonation at the imino-silylether moiety to achieve 
amination. The polar hydroxy amines are converted by silylation into 
lipophilic silylated intermediates, which readily mix and react with the 
silylated hydroxy-N-heterocycle without solvents. 

b. Lewis Acids. The most practical catalysis for the silylation- 
amination are (NH 4 ) 2 S0 4 , p-toluenesulfonic acid hydrate, camphorsul- 
fonic acid, trifluoromethanesulfonic acid, and perfluorobutanesulfonic 
acid, which are probably transformed in situ into the corresponding 
bis(trimethylsilyl) sulfate, trimethylsilyl triflate, and trimethylsilyl per- 
fluorobutanesulfonate. These acids, however, may also be present as 
amine salts. On employing amine hydrochlorides or traces of tri- 
methylchlorosilane (TCS), NH 4 C1 is formed during silylation with HMDS, 
which sublimes partially into the reflux condenser. Obviously, enough 
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NH 4 C1 or amine hydrochloride remains in the reaction mixture to ensure a 
smooth silylation-amination. 

ZnCl 2 and SnCl 4 sometimes function well, but are not considered as 
practical. Mercuric chloride, which was used in some of our silylation— 
aminations of purine nucleosides (76LA745), oxidizes the primary or sec¬ 
ondary amines used as well as the reaction products. Furthermore, the 
toxic mercury-containing side products formed are difficult to remove 
(62CCC902, 62CCC906). 

4. Silylation-Amination of Nucleosides 

Nucleosides such as uridine (150) or thymidine (162) can easily be 
silylated-aminated in a one-step reaction to the corresponding cytidines 
(161 and 163). Uridine (150) and thymidine (162) are aminated by NH 3 and 
HMDS upon heating in an autoclave to the corresponding cytidines (161a 
and 163a). Whereas uridine (150) can be readily heated to 160°C, the 
persilylated thymidine (162) decomposes to thymine or 5-methylcytosine 
and furanes at temperatures above 140°C (75LA988). The basic pyrrolidine 
reacts much faster with uridine 150 to afford 161b than morpholine reacts 
to afford 161c. As mentioned previously, the weakly basic aniline reacts 
only with uridine (150) in the presence of (NH 4 ) 2 S0 4 , after 14 hr at 140— 
145°C and subsequent treatment with methanolic ammonia, to give N 4 - 
phenylcytidine (161e) (Section IV,G; reaction 238239). 

Because of the steric hindrance of the 5-methyl group, thymidine (162) 
reacts considerably slower than uridine (150) to afford the corresponding 
cytidines 161 and 163. Silylated diphenyllumazine-riboside (164) is analo¬ 
gously converted into 165 (73HCA1225). 

The reaction was applied to convert 3'-azido-3'desoxythymidine 166 
into the corresponding cytidine 167 in 51% yield (83JMC89I), as well 
as 5-trifluoromethyl-2'-desoxyuridine to the corresponding cytidine 
(79GEP2838644). Furthermore, 2',3'-didesoxyuridine was silylated- 
aminated with HMDS, NH 4 CI, and NH 3 for 92 hr at 160°C and 10 atm. 
to give 90.4% of 2',3'-didesoxycytidine (87JAPI096192) (cf. the analo¬ 
gous aminations of 4-O-sulfonyl and 4-triazole groups in chapters 1V,E, 
and G). 

Persilylated intermediates such as 170 are also obtained during nucleo¬ 
side synthesis. Thus, reaction of 3,5-bis-(trimethylsilyloxy)-l,2,4-triazine 
(168) with l-0-acetyl-2,3,5-tri-0-benzoyl-/3-D-ribofuranose (169) in the 
presence of 0.76 equivalents of SnCl 4 in 1,2-dichloroethane leads to 170 as 
intermediate, which reacts with a 10-fold excess of pyrrolidine to give 
O-benzoylated 6-azacytidine (171) in 57% yield (75LA988). Inosine 
(172a), guanosine (172b), or xanthosine (172c) have hitherto been trans- 
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formed via the 2',3',5'-tri-0-acetates with POCl 3 into the corresponding 
6-chloro compounds, which were reacted with ammonia or amines, as 
such, or after mild removal of the O-acetyl groups with methanolic ammo¬ 
nia (cf. references in 76LA745). 

We found that 172a as well as 172b and 172c react readily with ammonia 
or primary or secondary amines and HMDS in the presence of acids such 
as (NH 4 ) 2 S0 4 to afford the biologically potent and pharmacologically 
interesting N 6 -substituted adenosines (173) in high yields (76LA745). 

Other workers have reacted guanosine (8ICJC3360), xanthosine 
[83IJC(B)48], and 1 -/3-D-ribofuranosyl-1 -//-pyrazole[3,4-<|-pyrimidine-4- 
one (82JMC1040) with amines or ammonia in the presence of HMDS and 
ammonium sulfate to obtain the corresponding aminated nucleosides in 
high yields. Nucleotides such as the commercially available disodium salt 
of inosine-5'-phosphate (174) react analogously with HMDS and TCS to 
give the lipophilic persilylated intermediate 175 which, upon amination 
with excess benzylamine in the presence of (NH 4 ) 2 S0 4 , affords the crys¬ 
talline 176 in 77.5% yield. 
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10 h/145°C 92% 

20 h/145°C 84% 

46 h/145°C 72% 

48 h/145°C 74% 

49 h/135°C 42% 

72 h/145°C 32% 

23 h/145°C 80% 
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The analogous silylation-aminations of oligo- or polynucleotides con¬ 
taining uracil, thymine, or guanine bases have apparently not as yet been 
investigated. In analogy to the amination of the purine nucleosides, ino- 
sine, guanosine, or xanthosine, the purines hypoxanthine (177a), or gua¬ 
nine (177b) readily undergo silylation-amination with /3-phenethylamine 
or pyrrolidine and HMDS to give the corresponding aminated purines 
(178) in high yields (76LA745). 


r’nhr 2 
HMDS 
HgCl 2 
(Ts0H-H 2 0) 

120-150°C 178 

a) R = H R 1 = H; R 2 = CHgCHgPh 

b) R = NH 2 R 1 = R 2 = (CH 2 ) 4 

Although the two papers on the silylation-amination of pyrimidine (76- 
LA988) and purine nucleosides (76LA745) were unfortunately published 
in Liebigs Annalen in German, a few detailed descriptions, e.g., the 
silylation-amination of thymidine (162) into 5-methyl-2'-deoxycytidine 
(163a) and that of inosine (172a) into N 6 -[2-(3,4-dihydroxyphenyl)-ethyl]- 
adenosine (173b) have been published in English (78M11,78MI2). 

5. Silylation-Amination of Hydroxy-N-Heterocycles 

Since the full paper on applications of the silylation-amination method 
to a representative series of hydroxy-N-heterocycles was published in 
English in 1984 (84CBI523), only a few examples from this paper will be 
discussed here. (I H,3H)-Quinazoline-2,4-dione (18) can be monoaminated 
at 130°C with equivalents of l-(2-hydroxyethyl)-piperazine in 68% yield, to 
179 whereas with five equivalents of amine and OMCTS (157) at I80°C, 
56% of the desired 2,4-bis-aminated product 180 is obtained along with 
24% of 181 as a side product. Since this reaction and most of the other 
reactions described were not optimized, these yields can probably be 
improved considerably. 

4-(l-//)-Quinolinone (182) is aminated with the dopamine-hydrochlo¬ 
ride to afford 75% of the crystalline monohydrate 183. Because of the rapid 
silylation of dopamine-hydrochloride during the reaction, the sensitive 
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catechol moiety in dopamine is protected against oxydation (cf. the prepa¬ 
ration of 173b). 

4-(l-//)-Pyridinone (40) reacts readily with N-silylated pyrrolidine 
(bp = 138-140°C) to give the supernucleophile 4-pyrrolidinopyridine 
(PPY) 184 [78AG(E)569] in 84% yield at normal pressure and in 92% yield 
in an autoclave with pyridine as solvent. The analogous reaction of 40 with 
benzylamine in the presence of OMCTS (157) and p-toluenesulfonic acid- 
hydrate gives rise to 185 in 76% yield. 



H 

40 


o 

HMDS/ 4 i(C H 3 ) 3 /( NH 4>2 S0 4 

pyridine 
6 h/150-160°C 


1) HMDS 

*>0 '< NH 4>2 S0 4 
H 

15 h/150°C 



184 


OMCTS 157 _ 

C 6 H 5 CH 2 MH 2 /Ts0H ‘ H 2° 


nhch 2 c 6 h 5 

6 


185 


The least reactive hydroxy-N-heterocycle 2-(l//)-pyridinone (27) un¬ 
dergoes silylation-amination only at temperatures above 180°C. Thus, 
heating 27 with 2-phenethylamine, OMCTS (157), and perfluorobutane- 
sulfonic acid for 24 hr at 200°C furnishes 2-(2-phenethylamino)-pyridine 
(186) in 71% yield. The analogous reaction of 27 with benzylamine, 
OMCTS (157), and perfluorobutanesulfonic acid gives, besides —47% of 
the desired 2-benzylaminopyridine (187), some 2-aminopyridine (28) and 
dibenzyl- and tribenzylamine (188-189) formed by benzyl transfer from 
benzylamine. In aminations with amines containing aromatic ether moie¬ 
ties such as homoveratrylamine (188) at temperatures s:180 o C, the amino 
group can demethylate the ether moiety to form N-methylated amines 189 
leading to mixtures of products. 
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Silylation-amination fails with 5-ring-hydroxy-N-heterocycles such as 
2-benzoxazolone since, at temperatures of 130°C, the 2-trimethylsilyloxy- 
benzoxazole (190) is in equilibrium with its open form 191 (73LA772), 
which reacts readily with benzylamine to eventually form N,N'- 
dibenzylurea (C 6 H 5 CH 2 —NH—CO—NH—CH 2 C 6 H 5 ). The silylation- 
amination procedure has been applied to the amination of 6 -oxadihydro- 
uracil (193) with benzylamine to 194 (77JMCI34). The 5-deazapteridine 
derivative 195 affords, with ammonia/HMDS in the presence of p- 
toluenesulfonic acid, the diaminated product 196 in 74% yield (86JMC709). 



i (CH3)3 

= C=0 
191 

HgCl 2 | C 6 H 5 CH 2 NH 2 

1 



C 6 H 5 CH 2' NH ' C0 ' NH ' CH 2 C 6 H 5 





Sec. IV.E] AMINATION OF NITROGEN HETEROCYCLES 159 



197 198 199 


p-toluenesulfonic acid-monohydrate, on heating for 6 hr at 160°C, to 
give 5,8-dihydro-8-ethyl-5-oxo-2-(piperazinyl)-pyrido[2,3-<f]pyrimidine-6- 
carboxylic acid in high yield (86JAP3I83582). 

Hexamethyldisilazane and OMCTS (157) are produced on a technical 
scale and are therefore available at prices of about $15-20 per kilogram. 
Hence silylation-amination should also be considered for large scale 
aminations and especially for those cases where the hydroxy-N- 
heterocycle or the amine moiety contain further functional groups such as 
alcoholic or phenolic hydroxy groups. Finally, on using HMDS, the recov¬ 
ered hexamethyldisiloxane can be reconverted to TCS or HMDS. 


E. 0-SULFONATES 

As discussed in Section III,D, sulfonyloxy groups and especially the 
triflate group are very good leaving groups. However, because of the 
competing attack of the employed amines on the sulfonyl group (cf. attack 
B in the reaction of 36 to 37 in Section 1V,A), the starting hydroxy-N- 
heterocycle as well as the corresponding sulfonamide are always formed, 
leading thus to a decrease in the yield of the desired amino-N-heterocycle. 
A typical example is the conversion of 2-methylthio-5-methyl-pyrimidine- 
(3//)-4-one (200) by tosylchloride-triethylamine in DMF to the 4-0- 
tosylate (201a), which reacts with dimethylamine in aqueous dioxane to 
give 80% of the desired aminated product 202 as well 10% of the recovered 
starting material 200 [79CF(S)I25]. On replacing the tosyl group in 201a by 
the more reactive methanesulfonyl group, as in 201b, the analogous reac¬ 
tion with dimethylamine gives a 1:1 mixture of 202 and recovered 200. A 
1984 patent describes the conversion of 2-(l//)-pyrimidinone by meth- 
anesulfonylchloride-triethylamine to 2-methanesulfonyloxypyrimidine in 
67% yield, as well as its subsequent efficient aminations with piperazines 
in acetone/Na 2 C0 3 (84MIP1). 

Likewise, heating of 2,5-diamino-l-oxy-4-tosyloxypyrimidine (203) in 
excess piperidine gives 60% of minoxidil 204 (87EUP270201). 
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205 206 207 


The reactive 3-hydroxyisoquinoline (205) is tosylated by tosyl chloride 
in the presence of DMAP to 206, which reacts readily with primary or 
secondary amines to give the corresponding aminated isoquinolines 207 in 
high yields (88T3391). 

Whereas 2-tosyloxypyridine does not react with dimethyl- or diethyla- 
mine even under vigorous conditions, 2-methanesulfonyloxypyridine un¬ 
dergoes only S—O bond scission to give 2-(l//)-pyridinone and N,N- 
dimethylmethanesulfonamide [79JCR(S)I25], 5-Chloro-2-( \H )-pyridinone 

(208) can be transformed by treatment with sodium hydride in dioxane 
followed by subsequent reaction with trifluoromethane sulfonylchloride in 
THF to give in 69% yield 5-chloro-2-trifluoromethansulfonyloxy pyridine 

(209) , which is aminated by piperazine-triethylamine in boiling acetonitrile 
in 17% yield to the corresponding I-(5-chloro-2-pyridinyl)piperazine (210) 
(83JMC1696). 

Protected 4-sulfonyloxypyrimidine nucleosides are readily available by 
treating protected nucleosides with arylsulfonyl chlorides and NaH in 
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1) NaH 

dioxane 


2) CF 3 S0 2 C1 
THF 




210 


THF (87TL2821), K 2 C0 3 in methyl isobutyl ketone (86EUP204264), or 
triethylamine/4-dimethylaminopyridine [86ACS(B)806, 86ACS(B)826], 
Because sulfonylated iminoethers conjugated with a carbonyl group are 
very reactive (Sections III,A and IV,C and D), they react readily under 
mild reaction conditions with ammonia or primary or secondary amines to 
afford the corresponding cytidines in high yields. 

Thus, 3',5'-di-0-(f-butyldimethylsilyl)thymidine (211) is sulfonylated 
by 2,4,6-triisopropylbenzenesulfonyl chloride (TIPS-C1) to furnish the 
4-O-TIPS derivative 212 in 93% yield. Amination with 2-(methylam- 
ino)ethanol gives rise to 72% of 213 (87TL2821). 

Likewise, reaction of 2',3',5'-tri-0-acetyluridine with tosyl chloride/ 
K 2 C0 3 in methylisobutyl ketone for 4 hr at 80°C affords the corresponding 
4-tosyloxy derivative in practically quantitative yield. Subsequent treat¬ 
ment with methanol/concentrated aqueous ammonia affords 91% cytidine 
and 8.1% uridine (86EUP204264). 



N 2 ,0 2 ',0 3, ,0 5 '-Tetrabenzoylguanosine (214) reacts readily with excess 
methanesulfonyl chloride/triethylamine in methylene chloride to give the 
crystalline 6-O-mesyl derivative 215 in 75% yield. This is aminated within 
15 min at 20°C by methanolic dimethylamine in dioxane to give the crystal¬ 
line 6-dimethylamino compound 216 in 85% yield (77CC447). The reaction 
of 2',3',5'-0-methylated or benzoylated derivatives containing a free 2- 
amino group gives essentially the same results (77CC447). 
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While O-protected guanosine with a free or acylated 2-amino group is 
selectively 0 6 -sulfonylated (77CC791; 80TL2265), the 3',5'-0-acetyl-2'- 
deoxyinosine, on reaction with TIPS-C1, gives nearly equal amounts of the 
desired 0 6 -sulfonylated derivative, which is isolated in only 33% yield, and 
the corresponding undesired N’-sulfonylated derivative (87JA1275). 

F. O-Phosphoroamidates 

As a consequence of the low reactivity of hydroxy-N-heterocycles, 
Zavyalov and co-workers (Section IV,A) have reacted hydroxy-N- 
heterocycles with phosphoroamidates at higher temperatures. Thus, 6- 
methyluracil (217) is converted by the commercially available phenyl- 
phosphorodiamidate (PPDA) in 21% yield into 2,4-diamino-6-methylpyri- 
midine (218) and hypoxanthine 219 into adenine 220 in 25% yield 
(69IZV655). A condensed heterocycle such as 4-hydroxy-quinazoline 
(221), on heating for 30 min with PPDA to 235°C, gives 47% of 4- 
aminoquinazoline 222. Analogously, 3-benzo[/]quinazolinone can be con¬ 
verted into 3-aminobenzo[/]quinazoline in 76% yield (70IZV953). The 
yields obtained are usually higher with N-substituted phosphoroamidates. 

Thus, uracil 223 is converted by N-phenylphosphoric acid triamide in 
46% yield into 2,4-bis-phenylaminopyrimidine (224), whereas HMPA 
aminates uracil 223 to the 2,4-bis-dimethylaminopyrimidine (225) in 78% 
yield (70IZV904). The amination of xanthine 226 by HMPA furnishes 79% 
of 2,6-bis-(dimethylamino)purine (227) (70IZV953). 

Catalytic amounts of amine salts such as dimethylamine hydrochloride 
or POCl 3 seem to improve the yields (70IZV953; 72JHC1235). HMPA 
converts 4-(l//)-pyridinone (40) in 57% yield to the nucleophilic catalyst 
DMAP (228) and converts 2-(l//)-pyridinone (27) in 44% yield to 2- 
dimethylaminopyridine (229) (73S301). 

For more reactions of 2-(l//)-quinolinone with HMPA to give 2- 
dimethylaminoquinoline in 79% yield see (74T875). Because of the carcin- 
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227 
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ogenic nature of HMPA, these aminations should be conducted with great 
care so as to avoid any contact with the HMPA vapors. 

Zavyalov suggests that the phosphoroamidates react with hydroxy-N- 
heterocycles, via intermediates such as 230, followed by subsequent elimi¬ 
nation of phosphoroamidate to give the amination product 231 (69IZ V655). 



230 23t 


Instead of using any preformed phosphoroamidates, Pedersen et al. have 
used mixtures of amines and phosphorus pentoxide. Reaction of 4-(l H)- 
pyridinone (40) with pyrrolidine and P 2 O s furnishes the nucleophilic cata¬ 
lyst PPY (184) in 39% yield (78S844) (see also Section IV,C). The analo¬ 
gous reaction of 2-( 1 H )-pyridinone (27) with pyrrolidine gives 2-pyrrolidi- 
nopyridine in 27% yield (232) and reaction with piperidine gives 
2-piperidinopyridine (233) in 49% yield. 4-Methyl-(l//)-2-quinolinone 
(234) is aminated by a mixture of ammonium chloride, P 7 O 5 , and tributyl- 
amine to 2-amino-4-methylquinoline (235) in 68 % yield (8ICS240). For 
analogous aminations of 234 with alkylamines and a mixture of poly- 
phosphoric acid and P 2 0 5 see (8ICS240); for aminations of hypoxan- 
thines see (82S480); and for 7-W-pyrrolo[2,3-d]pyrimidine-2,4-diones see 
(88CS201). 
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Cyclization of aromatic or heteroaromatic ortho-acylamino esters (82- 
LA1012) or nitriles [87ACS(B)467] with amines and P 2 0 5 leads to 
aminated, annellated nitrogen heterocycles in moderate yields. The 
aforementioned (Section IV,B) one-step reaction of 4-phenyl-1 -(2//)- 
phthalazinone (83) with neopentylamine in the presence of POCl 3 in 
boiling xylene to give l-neopentylamino-4-phenyl-phthalazine (84) might 
also involve the in situ formation of phosphoroamidates. 


G. 1,2,4-Triazoles 

During studies on oligonucleotide formation with excess l-(mesitylene- 
2-sulfonyl)-1,2,4-triazole (MSNT) or tetrazole, Reese discovered that 
protected uridines are converted at room temperature into the chemi¬ 
cally stable 1,2,4-triazole derivatives in high yields (80M1I). Reese 
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[82JCS(P1)1171] and Sung (81CC1089; 82JOC3623) found that these 1,2,4- 
triazole derivatives of uridine can be readily prepared at room temperature 
with excess 1,2,4-triazole and phosphoryl chloride and triethylamine or 
with 0-chlorophenyldi-(l#-l,2,4-triazol-l-yl)phosphine oxide in aceto¬ 
nitrile. These stable, often crystalline 1,2,4-triazole derivatives react 
readily with aqueous ammonia and primary or secondary amines at room 
temperature to afford the corresponding cytidines in high yields. 

The crystalline 1,2,4-triazole derivative 236, on reaction with aqueous 
ammonia, gives l-/3-arabinofuranosylcytosine (237). Heating the more 
reactive 3-nitro-1,2,4-triazole derivative 238 with the weakly basic aniline 
in pyridine, followed by subsequent hydrolysis with aqueous ammonia, 




furnishes the corresponding free l-jS-arabinofuranosyl-/V 4 -phenylcytosine 
(239) [82JCS(P1)1171] (cf. Section V,C for a different preparation of N 4 - 
arylcytidines). The reaction sequence can be used to convert the sensitive 
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2',3'-dideoxy-3'-azidouridines (240) into the corresponding cytidines 
(241) in high yields (83JMC1691; 86EUP217580) (for the analogous prepa- 



240 241 


ration of 2'-azidocarbocyclic cytidine as well as other cytidines, see 
87JMC440; 88EUP261595, 88JMC268, 88JMC484, 88JMC1475). 

Silylated 3-nitro-1,2,4-triazole derivative 242 is readily aminated by 
ethylenediamine to give dimeric cytidine 243, as well by other w-diamines, 



in 75% yield (86NJC643). The resulting cytidines can be attached to 
polymeric supports (87T3481,87T3491) (for further applications to nucleo¬ 
tides compare 82RTC77, 83TL3171,86JA2764). This methodology is very 
appropriate for the amination of protected, sensitive, and costly uridines, 
but implies several steps and the application of expensive reagents such as 
1,2,4-triazole or 3-nitro-l,2,4-triazole and for these reasons, is rather un¬ 
suitable for large-scale preparation. 
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H. Quaternary Ammonium Salts 

Trialkylammonium derivatives, especially trimethylammonium deriv¬ 
atives of nitrogen heterocycles, have been used as activated intermediates 
because these groups are readily displaced by nucleophiles [71 JCS(B)821], 
The reactivity of trimethylammonium derivatives toward hydroxide ions 
has been measured for pyrimidine- 2 -yltrimethyl-ammonium chloride, 
which was found to be 700 times more reactive than 2-chloropyrimidine 
and ~ 5 times less reactive than 2-methanesulfonylpyrimidine 
[71JCS(B)1675], 

As already discussed in Section 1V,B (cf. reactions 13-20), heating 
hydroxy-N-heterocycles with POCI 3 and tertiary amines leads, via the 
quaternary salts with elimination of alkyl chloride, to the dialkylamino-N- 
heterocycles. The heterocyclic chlorides formed can react in situ with the 
employed excess tertiary amines to the corresponding quaternary salts. As 
depicted in the reaction of 2,4-(l//,3//)-quinazoline-2,4-dione (18) with 
POCI 3 and N-methylpyrrolidine, the corresponding 2-(N-methyl-4-chloro- 
butylamino)-4-chloroquinazoline (19) can thus be obtained in 71% yield 
(82CPB1947, 82CPB312I). However, reaction of preformed chloro- 
pyridines, -pyrimidines, -quinolines, -isoquinolines, or -purines with 
trimethylamine to give the corresponding dimethylamino compounds via 
the quaternary salts apparently does not offer any advantage over the 
direct reaction of the chloro compounds with dimethylamine 
[71 JCS(B)821; 71JCS(B)1675, 71JCS(B)2323; 72JCS(P1)1269]. The same 
arguments are also valid for the reactions of chloropyrimidines with 
triethylamine (75GEP234288I; 87JHC205). 

Very useful is 4-pyridylpyridinium chloride-hydrochloride (65), which 
is obtained by reaction of pyridine 64 with thionyl chloride as described in 
Section IV,B. 4-Pyridylpyridinium chloride-hydrochloride (65), which can 
be readily prepared in large quantities, reacts on heating in DMF as solvent 
and reactant (cf. Section 111,B and especially 1V,B reactions 105-108) to 
form the important nucleophilic catalyst DMAP (228) on a technical scale 
in -60-70% yield. Similarly, yV-formylpyrrolidine affords PPY (184) in 
60% yield (77USP4140853). 

Whereas ammonia or primary aliphatic or aromatic amines cleave the 
pyridinium ring in 65 with formation of 4-aminopyridine (58CB1266), sec¬ 
ondary amines such as dimethylamine or pyrrolidine react with 65 to form 
DMAP (228) in -40% yield and PPY (184) in 32% yield (84GEP3241429). 

Heating 65 with TV-methylformamide affords crystalline 244 
(77USP4140853), which can be reacted with acrylic ester to give, after 
saponification, 3-[A-methyl-A-(4)-pyridylamino]propionic acid. This acid 
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184 244 

can be readily attached to polyamines such as polyethyleneimine to give 
polymeric DMAP (79JA6020). 


I. Sulfides, Sulfoxides, and Sulfones 


Mercapto or methylthio nitrogen heterocycles are either obtained by 
direct treatment of hydroxy-nitrogen heterocycles with reagents such as 
phosphorus pentasulfide or Lawesson reagent (78BSB223; 79T2433), or by 
treatment of activated intermediates such as chloro-nitrogen heterocycles 
with mercaptide anions as well as by total synthesis. 

Methylation of 2-thiouracil with methyl iodide in the presence of sodium 
methylate gives 2-methylthio-4-hydroxypyrimidine (245), which is ami- 
nated by isopropylamine in toluene at I10-120°C to 2-isopropylamino-4- 
hydroxypyrimidine (246) in 84% yield (80GEP3009071). 



(ch 3 ) 2 chnh 2 



245 


toluene 

24 h/110-120 o C 


246 
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Treatment of S-methylthiosemicarbazide (247) with glyoxal affords 3- 
methylthio-l,2,4-triazine (248), which reacts readily at 24°C with hydra¬ 
zine to give 249. It also reacts with ethanolamine in boiling n-propanol to 
give 250 and also with ethyleneimine to give 251 (76JHC807). Also typical 
of this class of reactions is the transformation of 252 with 4-hydroxypiperi- 
dine to 253 (83EUP88593). 



In the reaction of 2-chloro-4-methylthioquinazoline (254) with ethyla- 
mine in DMF at 80-85°C, the methylmercapto leaving group can react with 
the chlorine in 254 to afford, aside from 38% of 255 and 54% of 256, 3% of 
2-methylthio-4-ethylaminoquinazoline (257), 2% of 2,4-bis-methylthio- 
quinazoline (258), and 1% of 2,4-bis-ethylaminoquinazoline (259) (82H11). 

According to the classic method of Fox (58JA1669), inosine-2',3',5'-tri- 
O -benzoate (260) is heated with P 2 S 5 in pyridine or dioxane to give the 
corresponding 6 -thio derivatives 261a, which can be reacted as such or, 
after transformation with methyl iodide into the more reactive S-methyl 
derivatives, 261b then gives corresponding adenosines 262. Amination of 
2-amino-6-benzylthio-9-/3-D-ribofuranosylpurine (263) with methyl- or di- 
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Since kinetic studies with 2-methylthio-, 2-methylsulfinyl-, and 2- 
methylsulfonylpyrimidine demonstrated that the sulfinyl and the sulfonyl 
derivatives are more than 10 5 times more reactive toward aminolysis than 
the corresponding 2-methyl- or 2-phenylthiopyrimidines [67JCS(C)568; 
69JCS(C)2720, 69MI1], sulfoxides and sulfones have been frequently pre¬ 
pared from the corresponding methylthio or phenylthio nitrogen hetero¬ 
cycles by oxidation with m-chloroperbenzoic acid. 2-Methylsulfinyl- or 
2 -methylsulfonylpyrimidine are approximately as active toward amino¬ 
lysis with n-pentylamine in DMSO as 2-chloropyrimidine (69MI1) (see, 
however, reaction 270 -> 271!). 


Ct *3 



Crf 3 




h 2 m(ch 2 ) 2 csch 


24-50 h/156°C 



268 


Thus, refluxing of 2-methylsulfonylpyrimidine (265) in excess isopropyl¬ 
amine for I hr gives a quantitative yield of 2-isopropylaminopyrimidine 
(266) (80BEP883751). Heating 3-methylsulfonyl-l,2,4-triazine (267) with 


c 



NaS0 2 CH 3 


DMF 

20 rain/100°C 


269 



h/ \h 



271 
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butynylamine affords 268 in 64% yield (87TL379). (For further aminations 
of methylsulfonylpyrimidines see 81CPB948; 88JHC959.) 

2,6-bis-(Methylsulfonyl)-pyrazine (270) is obtained in 53% yield by 
reaction of 2,6-dichloropyrazine (269) with sodium methylsulfinate 
in DMF. Amination of 270 with piperazine gives 6-methylsulfonyl-2- 
(piperazinyl)pyrazine (271) (78JMC536). 6-Methyl (or phenyl) sulfonyl- 
9-/3-D-ribofuranosylpurine reacts analogously with primary amines 
(75JOC658; see also 87TL2469). 


V. Miscellaneous Aminations 

A. Amination via Nitrile, Trichloromethyl, and 
Carboxy Moieties as Leaving Groups 

The replacement of nitrile groups by amino groups is exemplified by the 
reaction of 2,3-dicyano-pyrazine (272) with an aqueous solution of methyl- 
amine to give 3-methylamino-2-cyanopyrazine (273) (86JHC1299; see also 



272 


ch 3 nh 2 /h 2 o 


THF/MEtj 
5 h/24°C 



74% 


75CPB2044). However, much more interesting are two further technical 
syntheses of the important nucleophilic catalyst DMAP (228) and related 
4-aminopyridines. Treatment of 4-cyanopyridine (274), produced on a 
technical scale by ammonoxidation of -y-picoline, with 2-vinylpyridine 
(275) in the presence of hydrochloric acid gives the crystalline quaternary 
salt 276. This salt is readily aminated by an aqueous solution of dimethyla- 
mine at room temperature with liberation of cyanide. The resulting 
aminated quaternary salt is finally cleaved by 40% NaOH to DMAP (228) 
and 2-vinylpyridine (275), which is recycled after separation of 228 and 275 
by distillation (79USP4I58093). 

Reaction of quaternary salt 226 with 4-methylpiperidine gives rise to 
4-(4-methylpiperidino)pyridine (277), which is a liquid, in contrast to the 
crystalline DMAP (228) and PPY (184) (83EUP74837). The reaction of 
4-cyanopyridine (274) with acrylamide in the presence of HC1 furnishes 
the crystalline quaternary salt 278, in quantitative yield, which is readily 
aminated with dimethylamine. Subsequent cleavage of the aminated qua¬ 
ternary salt by heating with strong alkali solution gives monomeric or 
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polymeric sodium acrylate, as well as a nearly quantitative yield of DMAP 
(228), which can simply be extracted from the aqueous phase 
(86EUP192003). 

Like nitrile groups, trichloromethyl groups as in tris(trichlo- 
romethyl)-S-triazine (279) can be replaced stepwise by N-(2- 
hydroxyethyl)-piperazine to 280 and subsequently by ethylamine to 281 
(67GEP1670564; 85KGS1557). For the analogous conversion of 2- 
trifluoroquinoline by sodium amide to 2-aminoquinoline see Kobayashi et 
al. (75CPB2044). 

The Curtius degradation of carboxylic groups to amino groups is stan¬ 
dard chemistry as in the degradation of 4-chloro-2-pyridinecarbocylic acid 
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280 




EtOH Cl 3 
4 „M 

28 ' S.H 


to 2-amino-4-chloropyridine via the acid azide (81JMC39) and the corre¬ 
sponding isocyanate, or of 5-ethyl-2-pyridinecarboxylic acid (282) to the 
carbamate (283) by reaction with diphenylphosphoryl azide and ben- 
zylalcohol/triethylamine (78GEP2822544). 



(c 6 h 5 0) 2 pn 3 


C 6 H 5 CH 2 0H/NEt 3 
dioxane 
2 h/zs 



57% 


The conversion of 2,5-pyridinedicarboxylic acid N oxide (284) in aceto¬ 
nitrile/acetic anhydride to the corresponding 6-amino-nicotinic acid (288) 
seems to be a Ritter reaction of intermediate cation 285 with acetonitrile, 
followed by rearrangement of intermediate 286 to 287, which is then 
saponified by potassium hydroxide to give 49% of 6-aminonicotinic acid 
(288) and 8% of 6-hydroxynicotinic acid (289) (83EUP90173). 


AC 2 0/Ntt 3 CHjCOOCOv^s. CHjCOOCO^^s, 

^N^COOH CH 3 CN >M^*N = C-CH 3 

l ^ ch 3 cooX ^ d 

284 ^0CH 3 ^>CiO 

285 I Ah, 


“XX, "”‘XX 


HC1 10X K 


I = 5.6 2 h/80°C 
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B. Transaminations and Dimroth Alkylations 

Since amino groups are rather poor leaving groups, acid-catalyzed trans¬ 
aminations, which proceed probably via the typical AE mechanisms (Sec¬ 
tion II), demand rather vigorous conditions. Thus, heating 6-amino-2,4- 
dimethylpyrimidine hydrochloride (290) for 20 hr at 170°C with butylamine 
affords, via 291, compound 292a in 91% yield. The more weakly basic 
aniline gives 292b in only 53% yield. Under the same reaction conditions, 
2-methyl-6-amino-[3//]-pyrimidine-4-one is transaminated with benzyla- 
mine and aniline in moderate yields (60JA3971). Adenine, on heating for 
8 hr to 170°C with excess benzylamine/benzylamine hydrochloride, gives 
rise to 6-benzylaminopurine in 54% yield (73HJC133). 



293 294 


On refluxing 2,4,7-triamino-6-methylsulfonylpteridine (293) with excess 
benzylamine, the transamination product 2,4,7-tribenzylaminopteridine 
(294) is obtained in 44% yield without replacement of the 6-methylsulfonyl 
group. Other amines such as /3-phenethylamine react analogously. Inter¬ 
estingly, heating 293 with thiophenol effects selective replacement of the 
methylsulfonyl group (73JHC133). 

Persilylated adenosine 295, on heating with excess phenethylamine for 
several days at 170°C in the presence of mercuric chloride, affords only 
20% of N 6 -/3-phenethyladenosine (296) (76LA745). N-Tosylation of O- 
protected 2'-deoxycytidine to 297 with excess tosylchloride-pyridine, and 
amination with n-butylamine readily gives the protected N 4 -butyl-2'- 
deoxycytidine (298) and p-toluenesulfonamide (87MI3). The trans¬ 
amination of cytidine 149 with hydrazine and bisulfite takes place via 
intermediate 299 to give N 4 -aminocytidine (300) in 29% yield 
(87CPB3884). The transamination of 2-amino-benzoxazole with benzyla- 
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295 


1) c 6 h 5 ch 2 ch 2 nh 2 

3-4 days/170°C 

2) CHjOH/zs 



HO Oil 
296 



mine proceeds readily in toluene on heating for 8 hr to 160°C in the 
presence of CH 3 SO 3 H to give 99% of 2 -benzylamino-benzoxazole 
(86MIP1). 5-Phenacyl-2-aminooxazole, however, is partially rearranged 
by dimethylamine to give, besides 6 % of the expected 5-phenacyl-2- 
dimethylaminooxazole, 67% of 2-dimethylamino-4-phenyl-5-hydroxypyri- 
midine (87JHC1485). 



149 299 300 
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It is obvious that some of the trans-amination products discussed in the 
preceding paragraphs are also accessable via reductive alkylation, as ex¬ 
emplified by the classic reductive alkylation of 2-amino-pyridine (28) with 
benzaldehyde to 2-benzylaminopyridine (187) (31CB2839) or by reductive 
alkylation of 3',5'-cyclic-adenosine-phosphate (cAMP) (301) to N - 
alkylated derivative 302 (88CPB2212). 



301 302 

Another classic transformation of amino-nitrogen-heterocycles is the 
Dimroth rearrangement, which has been reviewed (68MI1; 69ZC241) and 
further investigated [cf. 74JCS(P1)372; 79AJC1585]. In the Dimroth rear¬ 
rangement of adenosine 303, the basic ‘N-nitrogen is alkylated to interme¬ 
diate 304, which adds water to 305 and is followed by ring opening to 306 
and ring closure (cf. the 15 N-label) to finally give N 6 -alkylated adenosines 
307 in up to 50% yield (69JMC1056; 73JOC2247). 



303 304 305 
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C. Chichibabin Aminations 

The Chichibabin reaction is exemplified by the amination of 2- 
methylpyridine (308) by sodium amide in toluene via intermediate 309 to 
yield 6-amino-2-methylpyridine (310). This reaction has been applied to 
pyridines, quinolines, isoquinolines, and naphthyridine as well as to benz¬ 
imidazole, and was reviewed in great detail (66AHC229; 78RCRI042; 
88AHC1). 



Recently, the Chichibabin amination of 3-methylpyridine (311) with 
sodium amide and ammonia has been performed in the gas phase to 
give a 3.7: 1 mixture of 2-amino-5-methyl pyridine (312) and 2-amino- 
3-methylpyridine (313) in good yield (84USP4386209). Heating 3- 
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methylpyridine (311) with sodium butylamide to I05°C furnishes 61% of 
2-/i-butylamino-5-methylpyridine (314) and ~I0% of 2-/i-butylamino-3- 
methylpyridine (315) (84USP4405790). However, all attempts to introduce 
dialkylamino groups via the Chichibabin amination have as yet failed. 

The reaction of strongly basic amide anions, R'-N-R 2 , with chloro- or 
bromopyridines, -pyrimidines, and other heterocycles can lead to ring 
opening and subsequent ring closure to result in substituted amino-N- 
heterocycles (addition of nucleophile, ring opening, ring closure = 
ANRORC). 

Thus, reaction of 6-bromo-4-phenylpyrimidine (316) with lithium 
isopropylamide in isopropylamine proceeds via 317 to the ring-opened 
product 318 to eventually give 6-isopropylamino-4-phenylpyrimidine 
(319) in 70% yield. Since these particular aminations have been reviewed 
(78ACR462), they will not be discussed further. Nor will nucleophilic 
aminations proceeding via aryne-type intermediates (65AG557, 
65AHCI21) be a topic of this review. 



318 


Whereas metal hydride is eliminated from the cr-complex intermediates 
(cf. 309) in Chichibabin aminations, which results in the subsequent reac¬ 
tion of the metal hydride with ammonia or amines and the evolution of 
hydrogen, the o--complex intermediates can also be oxidized to the cor¬ 
responding amino-N-heterocycles. Thus, 5-azacinnoline (320) can 
be aminated with primary and secondary aliphatic or benzyl amines 
in the presence of potassium hydroxide/potassium ferricyanide to 
give the corresponding amino derivatives 321 in up to 65% yield. The 



Sec. V.C] 


AMINATION OF NITROGEN HETEROCYCLES 


181 


r’nhr 2 


KOH 

K 3 [Felony 

24-120 h/24°C 


corresponding amino group (R 1 = = H) can be readily introduced by 

hydroxylamine hydrochloride and KOH (77KGS1554). 

Aromatic amines such as aniline or p-chloroaniline can be introduced 
analogously in the presence of KOH and air in up to 50% yield 
(78KGS809). Preparatively much more useful, however, is the oxidation of 
Chichibabin-cr-complexes by potassium permanganate in liquid ammonia. 
This topic has been reviewed by van der Plas (86MII2; 87KGSI0II). 

Reaction of quinoline 322 gives the kinetically controlled 2-aminoquino- 
line (323) at -60°C. At + I0°C, however, the thermodynamically favored 
4-aminoquinoline 324 is obtained (85JHC353). The amination of 5- 
substituted pyrimidines furnishes up to 95% of the corresponding 4- 





324 


aminopyrimidines. 5-Nitropyrimidine 325, which is decomposed by po¬ 
tassium amide, is converted by liquid ammonia/potassium permanganate 
into 2-amino-5-nitropyrimidine (326) (83JOC1354). 

Analogously, pyrazine, pyridazine, 1,2,4- as well as 1,3,5-triazines, 
naphththyridines, and pteridines can be aminated. (For other applications, 
see 87JHCI377, 87JHCI657, 87JOC5643; 88JHC83I.) However, only 
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325 326 


1,2,4,5-tetrazines such as 327 have as yet been aminated to the corre¬ 
sponding alkyl-amino derivative 328 by primary amines such as ethyla- 
mine in liquid ammonia in the presence of potassium permanganate. If 
these new oxidative aminations can be performed on a larger scale without 
any explosion hazard, they might prove to be very useful preparatively. 


N ll 


RNH 2 /NH 3 


KMn0 4 


59 * 

N ^^6 H 5 


R = CH 3 ; C 2 H 5 ; iC 3 H ? ; tC 4 H g 


D. Amination by Vicarious Nucleophilic Substitution 

Katritzky et al. applied the new synthetic methodology of vicarious 
nucleophilic substitution of aromatic systems, as developed by Makosza 
(87ACR282), to the amination of nitrobenzenes. His group reacted nitro- 
benzenes 329 with 4-amino-1,2,4-triazoles (330) in DMSO in the presence 
of f-butoxide to give p-aminonitro compounds 332 via intermediate 331 in 
good yields. N-Substituted 4-amino-1,2,4-triazoles afford the correspond¬ 
ing p-alkylamino-nitrobenzenes. Analogously, 1-nitronaphthaline yields 



R' 331 

330 


R = H; CH 3 ; Cl; . R' - H; CH 3 ; Et; CH 2 C 6 H 5 ; 


329 


332 
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mainly a mixture of 2-amino- and 4-amino-l-nitronaphthaline, whereas 
2-nitronaphthalene and 2-nitrothiophene give rise to l-amino-2- 
nitronaphthalene and 3-amino-2-nitrothiophene, respectively, in good 
yields (86JOC5039; 88JOC3978). 

As yet, however, no reactive nitro-N-heterocycle, such as 5-nitropyri- 
midine (325), l-alkyl-5-nitropyrimidine-2-one, or 4-nitropyridine-W-oxide 
[or N-heterocycles containing other acceptor groups such as 2- 
methylsulfonylpyrimidine (265) or 3-methylsulfonyl-l,2,4-triazine (267)] 
have been aminated using this interesting new procedure. 


VI. Comparison of Different Animation Methods 

On approaching the problem of aminating a certain N-heterocycle, three 
principal questions must be answered: 

(1) What are the properties of the heterocyclic systems or amines to be 
employed? Do they contain groups sensitive to heat or reactive groups 
such as alcoholic or phenolic hydroxyls that have to be protected? 

(2) How reactive is the particularly heterocyclic system (cf. Section 
III,A) and amine (cf. Section 1II,B), and how is the heterocyclic system to 
be activated for the amination? 

(3) On what scale will the amination be performed—in g, kg or ton 
quantities? 

Concerning heat sensitive groups (question 1), it is, for example, not 
advisable to heat azide moieties (cf. reaction 166 —» 167 in Section IV,D) 
above temperatures of 120-140°Cor heat 2'-deoxy nucleosides higher than 
140°C (cf. reaction 162—► 163 in Section IV,D). Most importantly, reactive 
groups such as alcohol or phenol groups in a hydroxy-N-heterocycles, as 
well in the amine moiety, usually have to be protected, e.g., by acylation 
or silylation, before activating the hydroxy-W-heterocycle for subsequent 
amination. These protective groups must be removed after amination. 
Thus, at least three reaction steps are usually necessary if such reactive 
groups are present in the heterocyclic moiety (e.g., in nucleosides). Only 
silylation-amination permits protection-activation-amination in one step 
(cf. Section IV,D). 

On comparing the reactivities of N-heterocycles with different leaving 
groups (question 2) in Section III and IV,A, it is obvious that the least 
reactive 2-(l//)-pyridinone (27) can only be aminated with great difficulty. 
The most reactive 2-suIfonyloxypyridines do undergo the competing S—O 
bond cleavage (cf. Sections IV,A and IV,E and reaction 209 —* 210) often 
giving only low yields of the desired 2-aminopyridines as well as recovered 
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hydroxy-N-heterocycles. The silylation-amination sequence (Section 
IV,D) requires heating at 200°C for 24 hr as exemplified by the transfor¬ 
mation of 2-(l//)-pyridinone (27) to give the corresponding 2-aminopyri- 
dines in 50-70% yield. Due to benzyl-transfer at T > 180°C, benzylamine 
gives only moderate yields of 2-benzylaminopyridine on silylation- 
amination. Furthermore, on longer heating at these temperatures, amines 
such as homoveratrylamine containing aromatic O-methyl groups will be 
partially demethylated by the amino group (cf. reaction 188 -* 189 in 
Section IV,D). 

A possible alternative is the reaction of 2-halopyridines with amines in 
polar solvents such as N-methylpyrrolidone in the presence of cupric ions 
or under high pressure, as discussed in Section IV,B. 

The price of the starting N-heterocycle and the amine as well as the 
number of steps (question 3) will dictate the choice of amination method 
and determine the price of the resulting amination product. The large-scale 
preparation of the important nucleophilic catalysts, DMAP (228) or PPY 
(184), may serve as examples. The conversion of 4-(l//)-pyridone (40) 
into DMAP (228) by treatment with HMPA (cf. Section IV,F) or conver¬ 
sion into PPY (184) by silylation-amination with pyrrolidine (cf. Section 
IV,D) would produce 228 or 184 at prohibitive costs because of the rela¬ 
tively high price of 4-(l//)-pyridone (40) and HMPA and the carcinogeni¬ 
city of the latter. 

The conversion of pyridine by thionyl chloride to 4-pyridyl-pyridinium 
chloride hydrochloride (65), followed by heating in DMF as solvent and 
reactant to afford DMAP (228) and pyridine, was the first commercial 
process to give DMAP (228) in ton amounts at reasonable prices. 
Amination of 4-pyridylpyridinium chloride hydrochloride with pyrrolidine 
also furnishes PPY (184) directly (cf. Section IV,H). Alternatively, 
the inexpensive 4-cyanopyridine (274) is quaternized by either 2- 
vinylpyridine-HCl or acrylamide-HCl and readily aminated with dimethyl- 
amine or pyrrolidine to give, after alkaline treatment, DMAP (228) or PPY 
(184) (cf. Section V,A). 

The available equipment might also influence the choice of the 
amination method. Thus, amination with volatile amines such as ammonia, 
methyl- or ethylamine via silylation-amination (cf. Section IV,D) on a 
laboratory scale demands the use of a small stainless-steel autoclave, 
whereas activation (e.g., of nucleosides by O-sulfonylation or O- 
phosphorylation-1,2,4-triazolide formation) proceeds readily at room tem¬ 
perature and normal pressure (cf. Section IV,G). The availability of high- 
pressure equipment will facilitate the difficult aminations of halopyridines 
(cf. reactions 86 -» 111 and 112 -» 113 in Section IV,B). 

Finally, it might be useful to compare several amination methods 
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as in the aforementioned amination of 2-methyl-4-hydroxypyrido- 
[3,4-c/]pyrimidine (48). Treatment with POCM/V./V-dimethylaniline and 
subsequent reaction with benzylamine gives 2-methyl-4-benzylamino- 
pyrido[3,4-r/]pyrimidine (50) in 45% overall yield (cf. Section IV, B), 
whereas one-step silylation-amination of 48 with benzylamine/HMDS 
affords 50 in 92% yield (cf. Section IV,D). 
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I. Introduction 


Scope of Review 

Saturated bicyclic 6/5-ring fused systems with a bridgehead nitrogen 
atom are found in many compounds of biological or medicinal interest. 
This review covers the literature from 1967 on compounds containing such 
a system with a single additional heteroatom (nitrogen, oxygen, or sulfur in 
either the six- or five-membered ring). Compounds in which the system is 
embedded in a more complex ring or cage structure have normally been 
excluded from consideration. 

The ring systems reviewed include the perhydropyrazolo[l ,2-«]- 
pyridazines (1), perhydropyrazolo[l,5-«]pyridines (2), perhydro- 
isoxazolo[2,3-a]pyridines (3), perhydropyrrolo[l ,2-6]pyridazines(4), 
perhydro-imidazo[ 1,5-a]pyridines (5), perhydro-oxazolo[3,4-«]py ri¬ 
dines (6), perhydrothiazolo[3,4-a]pyridines (7), perhydropyrrolo[l ,2- 
c]pyrimidines (8), perhydropyrrolo[ 1,2-c][ 1,3]oxazines (9), perhydro- 
imidazo[l,2-a]pyridines (10), perhydro-oxazolo[3,2-a]pyridines (11), 
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W (5) (6) 



(7) (8) (9) 



( 10 ) ( 11 ) ( 12 ) 



perhydrothiazolo[3,2-a]pyridines (12), perhydropyrrolo[l,2-a]pyrazines 
(13), perhydropyrrolo[2,l-c][l,4]oxazines (14), perhydropyrrolo[2,I-c]- 
[l,4]thiazines (15), perhydropyrrolo[l,2-w]pyrimidines (16), perhydro- 
pyrrolo[2, !-/>][ 1,3]oxazines (17), and perhydropyrrolo[2,l-b][l,3]thia- 
zines (18). The nature and extent of the available material has largely 
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dictated the presentation of each section, but the synthesis, reactions, and 
stereochemistry of the systems have been covered. 

In the previous review on “Conformational Equilibria in Nitrogen Con¬ 
taining Saturated Six-Membered Rings,” both the general features of 
conformational equilibria in the six-membered nitrogen heterocycles and 
the physical methods used in investigating conformation and conforma¬ 
tional equilibria in such systems were described in detail [84AHC(36)1]. 
Much of that discussion is directly relevant to the material covered in the 
present review and, accordingly, cross-referencing to the original review 
will be made as appropriate. 


II. Perhydropyrazolo( 1,2-a ]pyridazines 

A. Synthesis and Reactions 

Perhydropyrazolo[l,2-a]pyridazine-l-one (19) and the 3-phenyl sub¬ 
stituted derivative (20) are readily obtained by the reaction between 
hexahydropyridazine and ethyl acrylate (8IJA461) and ethyl cin- 
namate (80TL3493), respectively. Use of epichlorohydrin provides a 
route to 2-hydroxyperhydropyrazolo[ 1,2-rtjpyridazine (82EUP47620; 
83BRP2105707). 



(23) (24) (25) 

Reaction between a-carbethoxypropionyl chloride and /-butyl-l-ben- 
zyloxy carbonyl hexahydropyridazine-3-carboxylate followed by catalytic 
hydrogenolysis of the protecting group in the product (21) and cycli- 
zation gave /-butyl hexahydro-2-methyl-l,3-dioxo-l-//-pyrazolo[l,2-«]- 
pyridazine-5-carboxylate (22) [80EUP42100; 82MI1; 84JCS(P1)155]. An 
alternative ring-closure reaction on the hexahydropyridazine ring is illus- 
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trated by the sequence starting from 2-(3-hydroxypropyl)-6-phenyl-4,5- 
dihydropyridazin(2//)-3-one (23), obtained from 3-benzoylpropionic acid 
and 3-hydrazinopropanol, and leading to the 5-phenyl substituted deriv¬ 
ative (24) (69JOC2720; 70FRP7076M, 70USP3497513; 72USP3663536). By 
a similar route from a-phenyllevulinic acid, 5-methyl-7-phenylperhydro- 
pyrazolo[1,2-«]pyridazine (25) is prepared (69USP3420831). Numerous 
variations on this theme are available, leading, for example, to compounds 
of biological activity and proceeding via ring formation on pyrazolidine 
derivatives (66FRP1441519; 68BSF4210; 7IFES1017; 83BRP2128984; 
83EUP94095). 

The in situ Diels-Alder reaction of 4,4-diethylpyrazoline-3,5-dione 
(from 4,4-diethylpyrazolidine-3,5-dione (26) and lead tetracetate) with 
1,3-dienes provides a convenient route to 5,8-dihydropyrazolo[l,2-«]- 
pyridazine-l ,3-(2// )-diones of type 27, which may be converted to perhy- 
dropyrazolo[l,2-«]pyridazin-l,3-diones (28) by catalytic hydrogenation 
over Pd/C [69JOC3I8I, 69LA(724)I50], Conversion of 28 to 29 by lithium 
aluminum hydride reduction has been described (72JHC41). 



(27) 



(29) 

Irradiation of diazo compound 30 in dry ether and ethanol gave /-but- 
ylethy I hexahydro-2-oxo-1,2-diazeto[ 1,2-«]pyridazine-4,1 -dicarboxylate 
(31). The X-ray structure of the diazo compound shows that the migrating 
nitrogen atom is the more planar of the two [85TL3167; 87JCS(P1)885], 
Ring enlargement of the methiodide (32) to 33 is accomplished by treat¬ 
ment with sodium methoxide in methanol (69JOC2720). 



I O 

C0 2 tBu 


(30) 


(31) 
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B. Stereochemistry 

In the photoelectron spectra of hydrazines, the separation between the 
two lone-pair-dominated ionization potentials is sensitive to the lone-pair- 
lone-pair dihedral angle (84JOC1891). In this connection, the photoelec¬ 
tron spectrum of perhydropyrazolo[ 1,2-a]pyridazine was consistent only 
with the presence of the trans-conformer (34) (74JA6982, 74JA6987; 



(34) 

75CB1557). This is supported by low temperature, cyclic voltammetry 
(76JA5269; 77JA1130), and vibrational studies [76SA(A)157], Low tem¬ 
perature 13 C-NMR spectroscopy shows the trans-fused form to be consid¬ 
erably lower in enthalpy than the cis-fused form (76JA7007). 

Perhydropyrazolo[l,2-fl]pyridazine deviates from the straight-line plot 
of S 15 N for hydrazines against 8 l3 C for the hydrocarbon analogue of the 
hydrazine with N replaced by CH. This has been taken as an indication of 
flattening at the nitrogen in the favored trans-conformer (80JOC3609). 

X-ray data on a reduced pyrazolo[ 1,2-a]pyridazine are provided with 
structure 35 in which N-5 is more planar than N-9; the sum of the angles 
around N is 353.6° at N-5 and 343.9° at N-4 [87JCS(P 1)885], The corre¬ 
sponding bond angles in thiol 36 are 355.6° and 345.4°, respectively, and 
the carboxylic acid group adopts the axial position [84JCS(P1)155]. 


III. Perhydropyrazolo[l,5-aJpvridines 

Synthesis 

Literature reports of syntheses of perhydropyrazolo[l,5-a]pyridines 
are limited. Perhydropyrazolo[l,5-a]pyridine has been prepared from 
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Bond distances (X) 

N -C-l 1.353 

C-l—C-2 1.440 

C-2—C-3 1.437 

C-3 — N 1.376 

N -C-5 1.459 

C-5—C-6 1.521 

C-6 — C-7 1.509 

C-7 — C-8 1.523 

C-8- N 1 .445 

(35) 

l-nitrosopiperidine-2-acetic acid via reduction and cyclization to 2- 
oxo-perhydropyrazolo[l,5-a]pyridine (37). Consecutive reduction of 37 
by lithium aluminum hydride and hydrogenation over platinum gave per- 
hydropyrazolo[l,5-«]pyridine (38) in poor yield. However, 1-substituted 
perhydropyrazolo[l ,5-a]pyridines (40) were readily obtained by reduction 
of the amides (39) with lithium aluminum hydride (69CHE629). A different 
approach involves the reaction between the A 2 -pyrazole (41) and diketene 
in chloroform to give compounds of type 42 (66FRP1441937). 



COR CH 2 R 


(39) 


(40) 
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R 



(41) 


(42) 


IV. Perhydro-isoxazolo[2,3-a]pyridines 

A. Synthesis and Reactions 

Large numbers of perhydro-isoxazolo[2,3-a]pyridines have been 
synthesized via nitrones. This, together with a survey of syntheses involv¬ 
ing nitrones, has been well reviewed (84MI1). Accordingly, only work in 
this area published in 1983 and after is included in this review. 

Many quinolizidine alkaloids have been obtained by way of substituted 
perhydro-isoxazolo[2,3-a]pyridines. Reaction between 3,4-dimethoxy- 
benzaldehyde and the phosphorane derived from allyltriphenylphos- 
phonium bromide gave an E- and Z-isomer mixture of l-(3,4-dimethoxy- 
phenyl)butadiene, which reacted with 2,3,4,5-tetrahydropyridine 1-oxide 
in boiling toluene to give the corresponding isomers of the isoxazolidines 
(43-46). The formation of the trans- (H-2, H-3a) isomers was favored in 


H H 



(43: a-H, R=3,4-(MeO) 2 Ph) (45: a-H, R=3,4-(MeO) 2 Ph) 

(44: 8-H, R=3,4-(MeO) 2 Ph) (46: 0-H, R=>3,4-(MeO) 2 Ph) 

each case. Initial treatment of the isoxazolidine (43) with hydrogen 
chloride to give the side chain chloro derivatives, followed by hydrogena¬ 
tion over Pd/C catalyst in ethanol, gave mainly lasubine-1 (47, 44% yield) 
with 2-epi-lasubine II (48, 14% yield). Z-isomers 45 and 46, on similar 
treatment, gave lasubine-I as the sole product (83CC1143; 84JOC1909). 

Isoxazolidines 51 and 52, obtained from the homoallylic alcohols 49 and 
50, were transformed to simple phenylquinolizidines (53-56) by initial 
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(47: R=3,4-(MeO) 2 Ph) (48: R=3,4-(MeO) 2 Ph) 


OH 



treatment with methanesulfony! chloride in pyridine followed by reduction 
with zinc in acetic acid (84CPB3892). 1,3-Cycloaddition between 2,3,4,5- 
tetrahydropyridine 1-oxide and 3,4-dimethoxystyrene gave a trans- (57) 
and cis- (58) isomer mixture of perhydro-isoxazolo[2,3-a]pyridines in the 
ratio 20:1. Treatment of 57 with zinc in acetic acid gave 59, which was 
converted to cryptopleurine (60) via a synthetic sequence beginning with 
acylation with p-methoxyphenylacetyl chloride (84JOC2412). 

A novel rearrangement of suitably 2-substituted side-chain perhy- 
dro-isoxazolo[2,3-a]pyridines has been shown to afford indolizine and 
quinolizine derivatives (86TL1727). Thus, 2-spirocyclopropylperhydro- 
isoxazolo[2,3-o]pyridine (61), obtained as a mixture with the 3-spiro iso¬ 
mer from the reaction between 3,4,5,6-tetrahydropyridine-l-oxide and 
methylene cyclopropane, undergoes thermal rearrangement (400°C, 
0.2 mmHg) to the quinolizidin-2-one (62). 
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(57: R=3,4-(MeO) 2 Ph) 


(58: R=3,4-(MeO) 2 Ph) 


\ 



(59: R-3,4-(MeO) 2 Ph) 


OMe 



(60) 



A reinvestigation of the stereoselectivity of the reaction between 
styrene and 2,3,4,5-tetrahydropyridin-l-oxide in chloroform shows a pre¬ 
dominance of isomer 63 over 64 (ratio 98:2). Changing the solvent to 
toluene made no significant difference to the result. The reductive cleav¬ 
age of the N—O bond of the derived N-methylated isoxazolidine (65) with 
W2 Raney nickel in methanol gives allosedamine (67) in 90% yield, 
whereas lithium aluminum hydride reduction of 65 affords 80% alloseda¬ 
mine and 20% sedamine (68) (87BSB57). 



Me 


(63: R =Ph,R =H) 
(64: R l =H,R 2 =Ph) 


(65: R =Ph,R =H) 
(66: R 1 =H,R 2 =Ph) 
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(68: R l =OH,R 2 =H) 


The perhydro-isoxazolo[2,3-a]pyridine system offers a route to 2,6- 
disubstituted piperidines. For example, the reaction between styrene and 
the substituted 3,4,5,6-tetrahydropyridine-l-oxide (69) gives the isoxa- 
zolidine (70) which, on benzylation, gives 71. This was subjected to reduc¬ 
tive cleavage of the N—O bond with lithium aluminum hydride, followed 
by mesylation of the aminodiol produced. Treatment of the mesylate with 
lithium triethylborohydride gave the trans-2,6-disubstituted piperidine 



CH 2 CH(OH)Ph 


(72) (86TLI489). An alternative route to a2,6-disubstituted piperidine (74) 
involves the reductive cleavage of the N—O bond of the isoxazolidine (73) 
(from 2-methy 1-2,3,4,5-tetrahydropyridin-1 -oxide and undec-l-ene) by 
zinc in acetic acid (86CC1287). 



(74) 




204 


TREVOR A. CRABB el al. 


[Sec. IV.A 


H 



(75) (76) (77) 

The preparation of vinyl nitrones by catalytic cyclization of allenic 
oximes has been demonstrated. Oxime 75, prepared from 5,6-heptadienal, 
was cyclized to nitrone 76 in the presence of silver(I) tetrafluoroborate. 
This was trapped by, for example, styrene to give 77. Such a compound 
again opens up a route to 2,6-disubstituted piperidines (85TL6249). 

Heating the 2-exomethylene-substituted perhydro-isoxazolo[2,3-«]- 
pyridine (78) in dimethylformamide (DMF) at 80°C has been shown to 
result in rearrangement to the indolizidinone (79) (87TL755). The stereo¬ 
chemistry involved in the reaction was emphasized by results on other 
substrates. By comparison, similar treatment of the related 3-sulfonyl-2- 
methylene-substituted derivative (80) results in a 1,3-hydrogen shift to 
give 81 (86TL2683). 



(82) (83) 


The reaction between 2,3,4,5-tetrahydropyridine 1-oxide and 2- 
methylene-l,3-dithiane in boiling tetrahydrofuran gives the spiro com¬ 
pound 82. Hydrolysis of this gave the isoxazolidinone (83) (87H755). 
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B. Stereochemistry 

The structures of a- and j8-2,4,7-trimethylperhydro-isoxazolo[2,3-«]- 
pyridine-2,7-dicarboxaldehyde dioxime (84 and 85), obtained by thermal 
oligomerization of methacrylaldehyde oxime, have been assigned by 
X-ray analysis. The bond lengths (A) are given with the structural formulae 
(80BCJ3240; 83BCJ487). The ,3 C-NMR shifts for the two isomers given in 
86 and 87 confirm the stereochemistry. The l3 C-NMR spectra of other 
derivatives 88 and 89 show the preference for the cis-fused conformer as a 
result of conformational biasing by the piperidine ring substituent. The 
spectrum of 90 ^ 91 shows the preference for the trans-conformer (90) 
and, relative to analogous 6/5 systems with nitrogen at a bridgehead, a high 
energy barrier to ring inversion (81M1017). 

Bond distances (A) 




(85) 





206 


TREVOR A. CRABB el at. 


[Sec. IV. B 



C-3 30.16 
C-3a 65.99 
C-4 36.44 
C-5 35.28 
C-6 44.41 
C-7 60.75 
Me 27.42 
Me 18.79 


( 86 ) 



Chemical shifts (8) 
C-2 76.9 

C-3 38.0 

C-3a 60.1 

C-4 35.6 

C-5 39.95 

C-6 26.4 

C-7 50.2 


V J* 

Me | 

Me 

Chemical Shifts (5) 
C-2 77.16 

C-3 30.78 

C-3a 59.13 

C-4 30.47 

C-5 27.15 

C-6 41.75 

C-7 61.41 

Me 12.59 

Me 10.86 

(87) 



Pr 

Chemical shifts (6) 

C-2 76.1 

C-3 37.9 

C-3a 60.1 

C-4 33.8 

C-5 18.9 

C-6 35.8 

C-7 58.1 


( 88 ) 


(89) 
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Pr 


Chemical shifts (8) 

C-2 75.1 
C-3 AO.3 
C-3a 66.1 
C-A 37.7 
C-5 2A.3 
C-6 2A.9 
C-7 55.0 



Chemical shifts (8) 

C-2 76.6 
C-3 38.6 
C-3a 59.6 
C-A 36.5 
C-5 19.3 
C-6 2A.A 
C-7 50.2 


(90) 


(91) 


V. Perhydropyrrolo[l,2-6]pyridazines 

Synthesis and Reactions 

The synthesis of perhydropyrrolo[l,2-/j]pyridazines using pent-4- 
enoic acid hydrazide (92) and a variety of halocarbonyl compounds (93; 
R 1 , R 2 = H, alkyl, and/or aryl) has been investigated. Cyclization of the 
hydrazones (94), formed through the transient azoalkenes (95) to give 96, 
was promoted by treatment with sodium carbonate under high dilution. 
Catalytic reduction of 96 to perhydropyrrolo[l,2-£]pyridazine-7-one (97) 
over Adams catalyst is stereoselective. Cleavage of the N—N bond in 97 to 
give 98 was only effected by initial N-acetylation followed by reaction with 
sodium in liquid ammonia (87TL1573). 


/NHNHj + R'COCH(Hal)R 2 


/NHN<^CH(Hal)R 2 


(92) 


(93) 


(94) 
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O 


(95) 


(96) 



(97) 



VI. Perhydro-imidazo[l ,5-a]pyridines 

A. Synthesis 

The parent system (99) has been obtained by lithium aluminum hydride 
reduction of perhydro-imidazo[l,5-<z]pyridine-l,3-dione (from ethyl 2- 
piperidine carboxylate and cyanic acid) and by ring closure of 2- 
aminomethylpiperidine with formaldehyde. 3-Substituted derivatives 
have also been described. The 3-phenyl- and 3-/-butyl derivatives (but 
not the propyl and benzyl derivatives) show ring-chain tautomerism 
(70JHC355). 



( 100 ) ( 101 ) 

Irradiation of W-(N-piperidylmethyl)glutarimide (100) in acetonitrile 
gives the diastereoisomers of 101 [83JCS(P1)2857]. The reaction between 
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5,5-dimethylhydantoin and a series of olefinic alcohols under basic condi¬ 
tions has been used to produce imidazolidin-2-ones. The general sequence 
of reactions is illustrated by the preparation of the isomeric 7-(formyloxy)- 
l,l,7-trimethylperhydro-imidazo[l,5-a]pyridines (104 and 105) from the 
hydantoin (102). The hydantoin was reduced with LiAlH 4 to give the 
4-hydroxy-imidazolidin-2-one (103), which was intramolecularly cyclized 
under acidic conditions (formic acid) to give 104 and 105 in an approximate 
1 : 1 ratio. 





The NMR data of compounds 106 and 107, obtained by hydrolysis of 104 
and 105, are shown with the structures. In the case of the axial hydroxy- 
substituted isomer 106, downfield shifts of the syn-axial 5-H and 8a-H are 
noted. In agreement, l3 C-NMR data show upheld shifts of C-5 and C-8a 
(84JOC3812). 

Perhydro-imidazo[l,5-a]pyridines of type 109 are obtained from 1 -p- 
chlorophenyl-2-piperidyl ketone (108) and phenyl isocyanate. The 3- 
thioxo analogues (110) are prepared using phenyl isothiocyanate 
(70USP3494926). 

The substituted perhydro-imidazo[I,5-aJpyridine (113) was prepared in 
order to test for inhibition of enzymes thymidylate synthetase and di¬ 
hydrofolate reductase. Pyridine-2-carboxaldehyde was condensed with 
ethyl-p-aminobenzoate to give the Schiff base (111) which, on sodium 
borohydride reduction followed by catalytic hydrogenation, resulted in 
112. Condensation of 112 with 5-formyluracil gave 113 (70JMC276). 
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Chemical Shift ( 6 ) 

C-l 53.5 
C-3 159.4 

C-5 37.0 

C-6 36.1 

C-7 66.6 

C-8 36.6 

C-8a 59.6 
H-5a 2.80 
H-5eq 3.40 
H-8a 3.22 

(106) 


Chemical Shift (6) 

C-l 54.6 
C-3 159.9 

C-5 39.5 

C-6 38.4 

C-7 69.9 

C-8 38.8 

C-8a 62.5 
H-5ax 2.68 
H-5eq 3.85 
H-8a 3.09 

(107) 



( 111 ) ( 112 ) 



(113) 
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The patent literature abounds with methods of preparation of perhydro- 
imidazo[l,5-a]pyridine-l,3-diones (114) and 3-thioxo-analogues, particu¬ 
larly in connection with their fungicidal and herbidical activity. These 
involve reactions between an isocyanate or isothiocyanate and pipecolinic 
acid, followed by acid cyclization of the product (78BRP1503244) by stir¬ 
ring pipecolinic acid with aryl isocyanates at room temperature in the 
presence of sodium hydroxide [85JAP(K)97980; 86JAP(K)27985] or by 
using the ethyl ester of pipecolinic acid, which reacts with the aryl isocya¬ 
nate in toluene solution in the presence of triethylamine, to give the 
required derivative of 114 [87JAP(K)I58280]. Other examples of related 
syntheses are available (68RTC11; 70CB2394,70JHC355; 76BRP1503244, 
76USP3958976; 79USP4138242; 83EUP70389; 84EUP104532). 

Reaction between diethyl piperidyl-1,2-carboxylate and hydrazine gives 
amino derivative 115 (71AP216), and the synthesis of other N-substituted 
derivatives with pesticidal properties is illustrated by the preparation of 
118. The hydantoin (116) is treated with formaldehyde followed by hydro¬ 
gen bromide to give 117, which reacts with S-ammonium-0,0- 
dimethylphosphorothioate to give 118 (71BRP1337269). 

Alternative routes to other derivatives involve heating the 2- 
benzoxazolinone (120) with ethyl pipecolinate to give 119 (69JPS1282), 



014) (120) 

(115: R=NH 2 ) 

(116: R=H) 

(117: R=CH 2 Br) 

(118: R=CH 2 SPO(OMe) 2 ) 

(119: R=o-HOPh) 



(121) 


(122) 
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cyclization of the 5-phenyl-5-(4-hydroxybutyl) hydantoin tosylate (121) 
to 8a-phenylperhydro-imidazo[l,5-a]pyridine-l,3-dione (122) in the 
presence of sodium hydroxide (70JOC3818), and treatment of benzyl- 
thiourea with dibromobutyryl chloride in the presence of benzyl- 
trimethylammonium chloride [86JCS(PI)1733]. 


B. Stereochemistry 

2-Alkylperhydro-imidazo[l ,5-a]pyridines adopt conformational equilib¬ 
ria in CDC1 3 solution containing 98% trans-fused conformers (123) at 25°C 
(68T6327; 87MI2). The two diastereoisomeric 1,2-dimethylperhydro- 
imidazo[l ,5-a]pyridines (124 and 125) adopt the conformations shown, and 
comparison of the geminal coupling constants of the C-3 methylene pro¬ 
tons [84AHC(36)1] in these compounds with that for 126 indicates an 
equilibrium for the latter containing 83% of the conformer with a trans¬ 
arrangement of nitrogen lone pairs (87MI2). These results will be dis¬ 
cussed in Section XX of this review. 



83% J3eq,3ax -5.0Hz 17% 


(126) 

Whereas 127 adopts the trans-fused conformation (Jy cqi3ax = -4.8 Hz), 
the equilibrium for the C-5 epimer (128) shows a shift towards the cis- 
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conformer as evidenced by the change in J^q.^x to -6.5 Hz [87M12]. The 
diastereoisomer pair of 129 shows similar conformational preferences to 
those of 127 and 128 (69JHC301). 

(127) 






(129) 


The parent perhydro-imidazol[I,5-a]pyridine (130) and the two ro- 
tamers of the corresponding N-acetyl derivatives (131 and 132) all favor 



6 3eq-H 3.95 

J3eq,3ax -6.5Hz 

5 3eq-H 3.00 
(130) 



Me 


5 3eq-H 3.93 

J3eq,3ax -4.4Hz 

6 3ax-H 3.13 



6 3eq-H 3.95 

J3eq,3ax -6.4Hz 

6 3ax-H 3.47 


(131) 


(132) 
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the trans-fused ring conformers. The latter pair of compounds shows 
distinctive differences in the values of the J gem of the C-3 methylene 
protons (730MR397). J gem values again permit assignments of con¬ 
formation to the perhydro-imidazo[l,5-a]pyridine-l-ones (133 and 134) 
[72JCS(P2)1920]. 



Me 


6 3eq-H 4.06 

J3eq,3ax -4.9Hz 

6 3eq-H 3.81 
(133) 


6 3eq-H 4.13 

J3eq,3ax -7.1Hz 

8 3eq-H 3.83 
(134) 


VII. Perhydro-oxazolo[3,4-a]pyridines 

A. Synthesis and Reactions 

Perhydro-oxazolo[3,4-a]pyridines have long been prepared by conden¬ 
sation between the appropriate piperidyl-2-carbinol and an aldehyde or 
ketone. For example, the antidepressant spiropiperidine derivative (135) 
is obtained by the reaction between a-phenyl-2-piperidine methanol and 
N-benzyl-4-piperidone (81USP4260623). Perhydro-oxazolo[3,4-a]pyridin- 
3-one (136) is obtained by phosgenation of 2-(hydroxymethyl)piperidinium 
p-toluene sulfonate followed by cyclization of the resultant chloroformate 
salt by treatment with triethylamine in dichloromethane. This ring system 



CHjPh 


(135) 


(136) 
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has been found to be resistant to a variety of attempts at polymerization 
(80JOC5325). 

Ring closure of erythro-a-phenyl-2-piperidinemethanol ( 137 ) with bro- 
mocyanogen proceeds to the 2-imino-oxazolidine ( 138 ) with retention of 
its configuration. The alternative route (HOCN followed by SOCI 2 ) to 139 
is characterized by inversion (73AP284). Related studies have been pub¬ 
lished (78MI2; 80MI1). Heating a benzene solution of 4-phenylthio- 
oxazolidin-2-one ( 140 ) in the presence of tri-/i-butyltin hydride and a trace 
of azobisisobutyronitrile gave the single isomer 141 of 6-methyl-7-phenyl- 
perhydro-oxazolo[3,4-a]pyridin-3-one. It is suggested that diastereoselec- 
tivity in this reaction is due to A-type strain in the benzyl radical interme¬ 
diate (86CC1717). 


a 


•N^"CH(OH)Ph 




a 

l 


N"XH(OH)Ph 



(138) 



(139) 



(140) 

The synthesis of 5-methoxyperhydro-oxazolo[3,4-a]pyridin-3,8-dione 
( 143 ) is summarized below. The final step ( 142 ) -» ( 143 ) proceeds stereo- 
specifically with production of the axial methoxy-substituted product 
(86TL5085) (Scheme 1). 

A stereoselective synthesis of (±) conhydrine via an oxazolidin-3-one 
proceeds by anodic a-methoxylation of (V-carbomethoxypiperidine ( 144 ) 
to give 145 . Structure 145 is converted to oxazolone 146 by the series of 
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(148) 


'T —I 

MeOCH 2 /N Y' 0 



(150) 0 

Scheme 3. Reagents: i, -2e MeOH; ii, CICH 2 OMe; iii, TiCI 4 . 


reactions shown in Scheme 2. The hydrogenation of 146 proceeds ster- 
eoselectively to give the erythro-isomer (147) which may readily be con¬ 
verted to (±) conhydrine (83TL4577) (Scheme 2). Anodic a-monomethox- 
ylation also plays a part in the synthesis of 150 (Scheme 3). The anodically 
a-methoxylated oxazolidin-2-one (148) is methoxymethylated to 149. A 
[3 + 3]-type annelation occurs between this compound and allyltrimethyl- 
silane in the presence of titanium tetrachloride to give 150 (85JOC3243). A 
variation on this theme is exemplified by the synthesis of 151 (86H621) 
(Scheme 4). 

Treatment of perhydro-oxazolo[3,4-a]pyridine with acetophenone in 
ethanolic hydrochloric acid gives /3-(2-hydroxymethylpiperidino) pro- 




o O 

(151) 


Scheme 4. Reagents: i, NaBH 4 -MeOH; ii, TiCI 4 : iii, H,-Pt. 
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piophenone hydrochloride (152) (76MI1). Boiling an ethanolic solution of 
the oxazolidine (153) under reflux with 25% (by weight) of 5% Pd/C or 
Raney nickel forms 154, whereas the 1,1-dimethyl analogue (155) under¬ 
goes a much slower reaction to form 156. A mechanism for reaction via ion 
157 has been proposed (67TL1039). 


C xh 2 oh 

C0Ph 



RO R 
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B. Stereochemistry 

The perhydro-oxazolo[3,4-a]pyridine system has been studied exten¬ 
sively by NMR spectroscopy and IR measurements in the 2800-2600 cm -1 
region of the spectrum [see 84AHC(36)1: Sections II,B,E] [66JHC418; 
68T1997; 74CC2I0; 75JCS(P2)5I; 80OMR63, 80OMR159; 820MR242; 
83OMR203; 88MI1]. Low temperature 'H- and l3 C-NMR measurements 
show the parent system to exist in CDC1 3 -CFC1 3 solution at 183 K as an 
equilibrium between 73% trans-conformer (158) and 27% O-inside cis- 
conformer (159) (88MI1). The trans-conformer is characterized by a large 
chemical shift difference between the NCH 2 0 protons (Aae = 0.82 ppm) 
and Jgem of O Hz, whereas the cis-conformer shows corresponding values 
of Aae = 0.05 ppm and a J gem of 5.8 Hz (68T1997 ; 88MI1). The low 
temperature 15 N-NMR spectrum (-111°C) gives l5 N shifts of 67.7 and 67.1 
for 158 and 159, respectively (relative to NH 3 ) (83OMR203). 

c/j-(H-1 ,H-8a)-l-Alkylperhydro-oxazolo[3,4-o]pyridines adopt equilib¬ 
ria heavily biased towards the trans-fused conformer (160), whereas the 
epimers adopt 18% O-inside cis-fused (162) ^ 82% trans-fused (161) 





(158) 


(159) 



(160) (161) (162) 


co,h 

o 


( 163 ) 
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conformational equilibria at 183 K (66JHC418; 80OMR63; 88MI1). The 
configurations of some l-arylperhydro-oxazolo[3,4-a]pyridines (160-162; 
R = Ar) have been assigned by analogy to those used for the 1-alkyl 
analogues (74JMC519). The 1,5-, 1,6-, and 1,8-dimethylperhydro- 
oxazolo[3,4-o]pyridines show equilibria positions representing a balance 
between nonbonded interactions brought about by the two substituents 
(820MR242). This is discussed in Section XX. 

X-ray analysis shows the pseudoaxial orientation of the carboxy group 
in 163 (81JA7573), and circular dichroism (CD) measurements on 1- 
phenyl-3-iminoperhydro-oxazolo[3,4-a]pyridine are available (78MI1). 


VIII. Perhydrothiazolo[3,4-a]pyridines 

A. Synthesis and Reactions 

Methyl substituted perhydrothiazolo[3,4-a]pyridines (164) have been 
obtained by condensation between the appropriately substituted 2- 
mercaptomethylpiperidines and formaldehyde (68T2485). Derivatives of 
type 166 may be prepared from piperidyl-2-carbinols by treatment with a 
substituted isothiocyanate to give a thiocarboxamide (165), which under¬ 
goes reaction with thionyl chloride to yield 166 (70USP3505340). Other 
variations on this theme are available (76IJC(B)770), including conversion 
of a piperidyl-2-carbinol to the 2-piperidylmethyl chloride with thionyl 
chloride and treatment of this with carbon disulfide to give 167 
(70USP3496185). Hydrolysis of the isopropylidene group of 2-thioxothia- 



(164) 



(165) (166) (167) 
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(168) (169) 


zolidine (168) followed by acetylation gave the 3-thioxoperhydrothia- 
zolo[3,4-a]pyridine (169) (74CL519; 75BCJ6I0). 

The N-alkylated 2,4-thiazolidinediones of type 170 provide a ready route 
to a variety of perhydrothiazolo[3,4-a]pyridines. Thus, sodium boro- 
hydride reduction of 170 gives the corresponding N-alkylated-4- 
hydroxythiazolidin-2-one (171) which, on treatment with formic acid, pro¬ 
vides the required ring system 172. Cyclization onto the acetylenic bond in 
173 gives entry into another type of functionalized product 174. Such 
reactions of thiazolidinediones enable stereoselective synthesis of piperi¬ 
dine derivatives. For example, lithium aluminum hydride reduction of 176, 
obtained by cyclization of 175, gives 177 which, on treatment with Raney 
nickel, provides the substituted piperidine (178) (79TL1347; 82T3255; 
85T2007, 85T2861). 



(173) d«) 
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B. Stereochemistry 

Perhydrothiazolo[3,4-a]pyridine adopts a 60% trans-fused (179) ^ 40% 
cis-fused (180) equilibrium in CDCI 3 -CFCI 3 at 193 K. The ris-(l-H, 8 a-H)- 
1 -methyl derivative favors exclusively the trans-conformer (181), whereas 
the epimer adopts an 87% trans-fused (182) 13% cis-fused (183) confor¬ 

mational equilibrium at 193 K. The pair of 6 -ethyl substituted derivatives 
adopts the trans- and cis-fused conformations (184) and (185). These 
assignments were based on 'H- and l 3 C-NMR spectral data [68T2485; 
88JCS(P1)1173]. 
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(184) C 185) 


IX. Perhydropyrrolo(l,2-i]pyrimidines 

Synthesis and Stereochemistry 

Although the 2,3,4,6-tetrahydro-l,l'-methylene-2,2'-pyrromethen-5[l- 
//]-one (190) is not strictly a perhydropyrrolo[l,2-c]pyrimidine, it carries 
the essential features of this ring system. Synthesis was effected by treat¬ 
ment of pyrrole- 2 -carboxaldehyde (186) with diiodomethane in the 
presence of a base to give 187 which was oxidized to 188 by m-chloroper- 
benzoic acid. Intramolecular condensation of 188 gave 189 which was 



(189) (190) 

converted to 190 by catalytic hydrogenation. The 'H- and l 3 C-NMR chem¬ 
ical shifts (CDCI 3 ) of 190 are provided along with the proposed con¬ 
formation in 191. The 'H vicinal coupling constants between the H-3 and 
H-4 protons lead to the assignment of an envelope conformation to the 
pyrrolidone ring (86RTC360). 
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Chemical Shifts (S) 
C-2 7 125.2 


C-3 / 105.0 H-3 / 5.88 

C-4' 108.8 H-4' 6.15 

C-5 / 116.8 H-5' 6.57 

C-2 53.1 H-2 3.91 

C-3 24.2 H-3 1.80, 2.25 

C-4 29.5 H-4 2.40 (J=8.5, 9.9) 

2.45 (J=4.2, 9.2) 

C-5 173.5 

C-6 30.0 H-6 2.65, 3.00 

C-7 54.0 H-7 4.94, 5.80 (J=-11.0) 

(191) 

X. PerhydropyrroIo[l,2-c][l ,3]oxazines 

A. Synthesis and Reactions 

The (+) form of the alkaloid gephyrotoxin (198) was synthesized 
through a series of reactions starting with L-pyroglutamic acid (192), 
which was converted to the nitrile (193). Treatment of this with P 2 S 5 , 



C0 2 Et 
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(197) 

(198) 

followed by Eschenmoser sulfide contraction and deacylation reactions 
gave 194. The cis- and trans-isomers 195 and 196 were then obtained by 
reduction of 194. The cis-isomer was converted to the perhydropyrrolo 
[l,2-c][l,3]oxazine (197) through three reaction steps; this compound 
served as a stepping stone to ( + ) gephyrotoxin (8ITL4197). 

O'Bu 

r! °^r> _~ 

0»Bu 

r! _ 

r’ h 

TTr 

(199) 

(200: R 1= H, R 2 =Ph) 

(201: R 1= H, R 2 =p-NO Ph) 

(202: R 1 =p-N0 2 Ph, R=H) 

(203) 


H 0Y° 

R \X^> 



(204: R 2 =Ph, R 1= H, R 3 =I) 

(207: R 1 =p-N0 2 Ph > R 2 =H, R 3 = 

(205: R 2 =p-N0„Ph, R 1= H, R 3 =Br) 
1^21 
(206: R =p-N0 Ph, R =H, R =Br) 
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The stereo- and regioselective cyclizations of the allylic urethanes (199) 
to oxazolidin-2-ones and/or perhydropyrrolo[l,2-c][l,3]oxazin-l-ones by 
iodonium and bromonium dicollidine perchlorates in dichloromethane via 
intermediate 203 have been studied. In this same manner, 204 was gener¬ 
ated from 200. In the cyclization of 201 in the presence of bromonium 
dicollidine perchlorate, the only product recovered was 205, while a simi¬ 
lar reaction with isomer 202 resulted in a mixture of 206 and 207 (1 : 5 ratio, 
respectively) (83JA654). 


B. Stereochemistry 

Perhydropyrrolo[l,2-c][l,3]oxazine can exist in solution as an equilib¬ 
rium between the trans-fused (208), the O-inside cis-fused (209), and the 
O-outside cis-fused (210) conformers. Comparison of the 'H-NMR gemi- 
nal coupling constants [84AHC(36)I; Section II,B,2] for the NCH 2 Q pro- 





tons (-10.2 Hz) with those in fixed stereochemical systems shows the 
preference for the O-inside cis-fused conformer (209) (820MR113). 


XI. Perhydro-imidazo[l,2-a]pyridines 

Synthesis and Reactions 

The parent perhydro-imidazo[l,2-a]pyridine system (211) has been ob¬ 
tained by condensation between 5-chloropentanal and 1,2-diaminoethane 
in dichloromethane in the presence of excess powdered K 2 C0 3 
(82TL4181). 
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Ph 



(213) (214) 


The synthesis of a variety of perhydro-imidazo[l,2-n]pyridin-5-ones is 
illustrated by the preparation of 212 by treatment of y-benzoylbutyric acid 
with 1 , 2 -diaminoethane in the presence of p-toluenesulfonic acid in boil¬ 
ing xylene (69USP3454585). Compounds 213 (70GEP1802468) and 214 
(72AKZ438; 82EUP65724) were similarly obtained by the reaction be¬ 
tween the appropriate ketoester and 1 , 2 -diaminoethane. 

The Strecker reaction of glutaraldehyde with 1,2-diaminoethane gave 
three products: 215, 216, and the perhydro-imidazo[l,2-a]pyridine (217). 
The yields of 217 were found to be dependent on the concentration of 
glutaraldehyde and the reaction time. The 1H-NMR spectrum of 217 
shows the absorption of the 5-H proton at 8 3.94 as a near triplet (7 = 3.6 
Hz), indicating the axial CN group in conformation 218 (86H2835). 



(218) 
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In the preparation of 2-phenoxymethylperhydro-imidazo[l ,2-a]pyridine 
(221), the ring opening of 1 ,2-epoxy-3-phenoxypropane (219) with 2- 
aminopyridine followed by catalytic reduction of the hydrochloride of the 
resultant amino alcohol over Rh/C gave 220. Treatment of 220 with thionyl 
chloride followed by base produced the required 221 (70IJC707). 



(221) 

Photo-oxidation of the imidazole (222) in methanol gives the perhydro- 
imidazo[l,2-o]pyridine (223) in 12% yield [81T(S9)191]. 

Cleavage of perhydro-imidazo[l,2-a]pyridine (211) with diisobutyl- 
aluminum hydride produces 1,4-diazacyclononane (82TL418I). Addition 
of phenylmagnesium bromide to 2-phenyl-6,7,8,8a-tetrahydro-3//,5//-imi- 
dazo[l,2-fl]pyridin-l-oxide (224) resulted in the formation of2,2-diphenyl- 
perhydro-imidazo[l,2-a]pyridin-l-ol (225) (83AP47). 


MeO 



(224) 


(225) 
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XII. Perhydro-oxazolo[3,2-a]pyridines 

A. Synthesis and Reactions 

Very diverse routes have been followed in the preparation of perhydro- 
oxazolo[3,2-a]pyridines, particularly those incorporating amide functions. 
Systems of type 226 have been obtained by the reaction between substi¬ 
tuted A 2 -oxazolines with diketene (66FRP1441937) and of 228, from the 
oxazoline (227) with azidoketene (77MI1). 



(226) (227: R=p-N0 2 Ph) (228: R=p-NC> 2 Ph) 

Also, in a very straightforward manner, condensation between 4- 
benzoylbutyric acid and ethanolamine gives the lactam (229) (69JOC165), 
and the oxidation of 2-piperidinoethanol (230) with potassium hexacya- 
noferrate(III) in aqueous 2 M potassium hydroxide solution gives 
perhydro-oxazolo[3,2-u]pyridine (232) via the iminium ion (231) 
[7IJCS(B)I745]. 


Ph 



Results of related studies on the cyclization of aminoalcohols by hydride 
abstraction and mercury(II)-ethylenediaminetetraacetic acid (EDTA) 
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have been published (83PHA512). Methiodide 233 obtained by a route 
involving a similar Hg(II)-EDTA reaction, on heating with sodium ethox- 
ide in ethanol, gave the medium ring ortho ester (234) (79TL809). 1,5- 
Diketones have also provided a starting point for the synthesis of the 
perhydro-oxazolo[3,2-a]pyridine system. For example, 236 was obtained 
from the addition of ethanolamine to diketone 235 in DMF (79CHE85). 
The hydroxyethylamination reaction with diketone 237 over Ni/Ru cat¬ 
alysts gave 238, which was converted to 239 by hydrogenation 
(83CHE1090). 



(237) (238) (239) 


The major products from the photocyclizations of l-(oxophenylacetyl)- 
and iV-(2-oxopropionyl)piperidine (240, 241) include the perhydro- 
oxazolo[3,2-a]pyridin-3-ones (242-245) [69TL371; 76ACS(B)383; 

79JA5343], 

During a search for a route to cyclic enamides, treatment of 246 with 
10% Pd/C in tetrahydrofuran at 120°C for 6 hr in a sealed tube was found to 
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H 



O O 


(240: R=Ph) (242: R^Ph, R 2 =H) 

(241: R=Mt») (243: R 1= H, R 2 =Ph) 

(244: R 1= Me, R 2 =H) 

(245: r'-H, R 2 =P!e) 

give 247, 248, and 249 (75:17: 18). The same reaction conducted in the 
presence of triethylamine gave 247 only (87H917). 



(248) (249) 


Steps taken to prepare derivatives of the cyclol 250, e.g., 255 and 256 
involved acylation of ethyl 2-oxonipecotate with benzyloxyacetyl chloride 
and 2-(benzyloxy) propionyl chloride to give 251 and 252 which, on hydro- 
genolysis over palladium, gave 253 and 254, respectively. The respective 
cyclols were then obtained by heating 253 and 254 in aqueous solution 
(67JGUI623). Similarly, cyclol 258 was prepared by acylation of valero- 
lactam with acid chloride 257, followed by hydrogenolysis of the product 
over Pd/C (76JHC78I). 



(250) 
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5-Cyanoperhydro-oxazolo[3,2-a]pyridines have been claimed to pos¬ 
sess bactericidal, fungicidal, and nematicidal properties. The synthesis of 
the parent compound is effected by the reaction between glutaraldehyde 
dicyanohydrin and ethanolamine (68USP3375249). Compounds of this 
type, e.g., 259 (obtained as the single chiral product by condensation 
between (-l-)-norephedrine and glutaraldehyde dicyanohydrin), also pro¬ 
vide valuable chiral synthons since they open up the possibility of ste¬ 
reoselective reactions at C-2 (a-aminonitrile) and C-5 (a-aminoether). For 
example, alkylation [lithium diisoproplamide (LDA), PrBr] of 259 gave 260 
which was reduced by sodium borohydride in ethanol stereoselectively to 
261 (9: I mixture of 2 S : 2R diastereoisomers). Removal of the N- 
substituent by heating with 70% sulfuric acid gave S-( + )-coniine (262). 
/?-(-)-Coniine was obtained by first complexing the cyano group of 259 
with AgBF 4 in tetrahydrofuran before its reaction with propyl-magnesium 
bromide to give the 57?-epimer of 263. The 5/?-epimer was then converted 
to /?-(-)-coniine, as in the conversion of 261 —> 262. Treatment of 260 with 
AgBF 4 , followed by reaction with Zn(BH 4 ) 2 , resulted in removal of the 
cyano group to produce 263. Compound 263 reacted with methylmag- 
nesium iodide to give 264 which, on removal of the N-substituent, gave 
2S,6/?-( + )-dihydropinidine (265) (83JA7754). 

Reaction between the anion of 266 and propionaldehyde gave 267 as the 
single product. Reduction of 267 by sodium borohydride to 268 was stereo¬ 
specific, and hydrogenolysis of 268 provided (+)-/3-conhydrine (269) 
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(85TL3803). Treatment of the chiral perhydro-oxazolo[3,2-a]pyridine 
(270) with trimethylsilyl cyanide in the presence of zinc bromide resulted 
in the formation of 271 which, on alkylation (LDA, undecylbromide), gave 
272. Sodium borohydride reduction of 272 gave 273 as the major isomer, 
which was then converted to 2S,6S-(+)-solenopsin A (274) by hydrogeno- 
lysis (86JOC4475). (-)-Gephyrotoxin-223AB (278) has been obtained by 
similar transformations. Thus, alkylation of the anion of 266 with 3-bromo- 
1-pentanal ethylene ketal led to the formation of 275 as the single product. 
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Application of the previous reactions resulted in conversion to the cis-2 ,6- 
disubstituted piperidine (276), which gave the indolizidine (277) on treat¬ 
ment with HC1 and KCN in a biphasic medium. Treatment of 277 with 
butylmagnesium bromide gave the required (-)-gephyrotoxin-233 AB 
(278) along with a smaller amount of the S-epimer (85TL1515). A similar 
reaction sequence starting with 266 results in the formation of (-)-mono- 
morine (279) (85JOC670). 


Ph 



(277) (278) 



(279) 

Perhydro-oxazolo[3,2-a]pyridine derivatives have also been used in the 
synthesis of cyclohexenones. For example, amino diol 280 was treated 
with 4-acetylbutanoic acid to obtain mainly the bicyclic lactams (281 and 
282). Compound 282 may be alkylated to give the perhydro-oxazolo[3,2- 
a]pyridin-5-one derivatives 283-285, and Red-Al reduction of these give 
the respective derivatives 286-288. Ring opening of 286-288 by heating 
under reflux with aqueous tetrabutylammonium dihydrogen phosphate in 
ethanol was followed by aldol cyclization of the intermediate 289 to give 
the 4,4-dialkylcyclohexenones (290, 291 and 292) (86JOC1936). 

An efficient use of bicyclic lactams as chiral precursors to 4-substituted 
cyclopentenones and cyclohexenones has been illustrated by the synthesis 
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(289) (290: R 1= Me, R 2 =PhCH 2 ) 

(291: R 1 'PhCH 2 , R 2 =Me) 
(292: R 1 =PhCH 2 , R 2 =allyl) 


of (+)-mesembrine (302). The required bicyclic lactams 294-297 were 
prepared by the reaction between 293 and (S)-valinol. The mixture of 
isomers was transformed to 298 by metalation (BuLi) followed by treatment 
with allyl bromide. This was converted to 299 by the steps shown. Reduc¬ 
tion of 299 with LiAI(OEt)H 3 in dimethoxyethane/toluene at -20°C gave 
300, which was heated with tetrabutylammonium dihydrogen phosphate in 
ethanol to obtain 301. Cyclization of 301 was promoted in the presence of 
base to give (+)-mesembrine (302). A cyclic system 303 similar to 299 was 
treated with Red-Al in toluene and then heated with tetrabutylammonium 
dihydrogen phosphate in ethanol to give 304. The conversion to (R )-(-)-4- 
methyl-4-(acetoxyethyl)-2-cyclohexenone (305) was achieved by treating 
304 with triethylamine and acetic anhydride in tetrahydrofuran 
(85JA7776). 
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(304) 


:305) 
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B. Stereochemistry 

The stereochemistry of an isomer of 6,7,8,8a-tetrahydro-2-phenyl-5//- 
oxazolo[3,2-«]pyridin-3[2//]one has been established by X-ray analysis, 
and the piperidine ring has been shown to adopt a chair conformation. The 
published bond lengths are given in 306 (77CSC553). 



0 -C-2 1.422 

C-2-C-3 1.506 

C-3-N 1.332 

N -C-5 1.452 

C-5-C-6 1.504 

C-6-C-7 1.510 

C-7-C-8 1.516 

C-8- C-8a 1.496 


(306) 


XIII. Perhydrothiazolo[3,2-a]pyridines 

A. Synthesis 

Perhydrothiazolo[3,2-a]pyridine (308) has been synthesized by conden¬ 
sation of aziridine with a-hydroxytetrahydropyran and hydrogen sulfide to 
give 2-(4-hydroxybutyl)thiazolidine (307). Treatment of 307 with thionyl 
chloride followed by sodium hydroxide gave 308 [75CR(C)953]. 



(307) 


(308) 
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(309: R=Me) 

(310: R=Et) 

Two other methods of preparing 308 involve dehydration of 307 on 
alumina in the liquid phase, and the reaction between 307 and triphe- 
nylphosphine, carbon tetrachloride, and triethylamine in acetonitrile. The 
latter method gave good yields of pure products. Using this method and 
starting with 2-methylaziridine gave 309 and 310 as cis/trans mixtures in 
the ratios 76:24 and 65:35, respectively (80S387). 

A regioselective free radical initiated reaction between 1,2,5,6- 
tetrahydropyridine and thiiranes has been shown to produce /8-aminothiols 
(311), which cyclize on boiling under reflux with di-/-butyl peroxide in 
chlorobenzene to give perhydrothiazolo[3,2-o]pyridine derivatives (312) 
(82TL5039). 



(314) (315) (316) 
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The preparation of 8a-phenylperhydrothiazolo[3,2-a]pyridin-5-one 
(313) by the reaction between -y-benzoylbutyric acid and mercaptoethyl- 
amine illustrates the synthesis of a number of similar compounds 
(67USP3334091). 

Imine trimers such as 314 have been used as a means of activating the 
a-position of alicyclic amines as sites for introducing functional groups. In 
one reaction sequence, the perhydrothiazolo[3,2-a]pyridin-3-one (315) 
was synthesized by heating the imine trimer (314) with ethyl thioglycolate. 
Oxidation of 315 with m-chloroperbenzoic acid gave the corresponding 
sulfoxide which, on heating at 150°C, resulted in dimerization to 316 with 
release of sulfur dioxide (86CPB105). 

Analogues of penicillin G containing the perhydrothiazolo[3,2-«]- 
pyridine nucleus have been prepared. For example, y-methyl hydrogen 
N-phthaloylglutamate (317) was converted via the Rosenmund reaction on 
the corresponding acid chloride to the aldehyde (318). Compound 318, on 
condensation with L-cysteine in aqueous ethanol, gave 319 which, on 
hydrazinolysis followed by phenylacetylation, gave 320 [69JCS(C)408]. 



O O 


(319: I^-phchaloyl) (320) 

The synthesis of 325 involved the reaction between N-phthalyl-L- 
glutamic anhydride (321) and thiophenol in the presence of dicyclohexyl- 
amine in dioxane to give 322, which was converted by a sequence of steps 
to the aldehyde (323). Treatment of 323 with L-cysteine hydrochloride in 
aqueous ethanol and sodium acetate gave 324 which, on heating at 170°C, 
underwent ring closure to give 325 (84MI2; 85TL647). 
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I ^u 2 h u 

OCH 3 

( 324 ) ( 325 ) 


B. Stereochemistry 

Perhydrothiazolo[3,2-a]pyridine may exist in solution as an equilibrium 
mixture of the trans-fused (328) and two cis-fused conformers (326, 327). 
NMR spectroscopy shows the absence of 327 and the adoption of an 
equilibrium between 326 and 328 favoring 326 (AG ° 2 98 = 0.7 kJ mol” 1 ). The 
two conformers (326 and 328) were detected by low temperature l3 C-NMR 
spectroscopy, and the chemical shifts are shown in 329 and 330. The 
3,3-dimethyl compound adopts the trans-conformation (331) (81OMR103). 
Other systems have also been examined (83CHE622). 



(328) 





(326) 


(327) 
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Chemical shifts (6) 
C-2 31.59 

C-3 60.04 

C-5 45.71 

C-6 25.08 

C-7 18.11 

C-8 26.14 

C-8a 72.12 

(329) 




Chemical shifts (6) 
C-2 28.36 

C-3 57.76 

C-5 52.65 

C-6 25.50 

C-7 24.11 

C-8 31.30 

C-8a 69.11 

(330) 


Mt 

Chemical shifts (4) 
C-2 42.33 

C-3 62.84 

C-5 45.34 

C-6 25.01 

C-7 24.56 

C-8 33.26 

C-8a 65.88 

(331) 


XIV. Perhydropyrrolo[l,2-o]pyrazines 

A. Synthesis 

Perhydropyrrolo[l,2-a]pyrazine (334) may be prepared from the dialkyl- 
acetal of 2,5-dialkoxytetrahydrofurfural (332) by treatment with ethyl- 
enediamine to give the 3,4-dihydropyrrolo[ 1,2-«]pyrazine (333). Com¬ 
pound 333 is reduced to the required system 334 (79GEP2844549; 
80BRP2025936). Alternative syntheses include the lithium aluminum hy¬ 
dride reduction of the diketo derivative (335) obtained by, for example, 
cyclization of l-glycylproline (84KFZ1445; 86JMC1814), and also similar 
reductions of 337 (obtained from treatment of 336 with hydrazoic acid; 
68JOC2379), 338 (from ethyl prolinate and aziridine; 68JOC2379) and 339 
[from 2-aminomethylpyrrolidine and diethyloxalate; 83IJC(B)644], 
Related pyrazinones may also be obtained by, for example, the photoly¬ 
sis of succinimide 340, to give 341, (82H2057; 86CPB3142, 86LA859), and 



(333) 034) 


032) 
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O 



Me Me 0 


(340) (341) (342) 

some tricyclic derivatives of 337, such as 342, have been prepared from 
2,2'-dipyrrolidine (86MI1). 

Numerous perhydropyrrolo[l,2-a]pyrazines carrying a range of substit¬ 
uents have been synthesized in the search for compounds of medicinai 
interest. The following examples provide illustrations. The reaction be¬ 
tween 2-aminoperhydropyrrolo[l,2-a]pyrazine (343) with 3-formylrifa- 
mycin S (or SV) gives hydrazones (344) with antituberculotic activity 



(343) 
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"CHjNHCH 2 Ph 

(345) 


Xu 


Me-CHCH-SCOPh 


PhCSCHjCHCOCI 


Xu 




co(ch 2 ) r 

(350) 


R 



(352) 


(85EUP135837,85USP4551450). Antihypertensive compounds of type 348 
are obtained from 2-benzylaminomethylpyrrolidine (345) which, on treat¬ 
ment with ethyl 2,3-dibromopropionate, produces 346. Hydrogenolysis of 
346 followed by hydrolysis yields 347 which, on condensation with 3- 
benzoylthio-2-methylpropionyl chloride, gives 348 (83USP4400511). 
Other substituted derivatives, such as antiarrythmic agent 349, have been 
described (82EUP54593, 82FRP2492374). 

Reaction between 334 and 5(/J-chloropropionyl)-IO,l l-dihydro-5//-di- 
benzo[/j/]azepine leads to 350 (82FRP24933 14). Condensation of 334 with 
the dibenzo[6,e][l,4]diazepine (351) in the presence of titanium chloride 
gives 352 (81EGP151166; 84PHA812). (In structures 349, 350, and 352, 
R = perhydropyrrolo[l,2-a]pyrazin-2-yl.) Similar reactions involving 334 
provide other systems of biological interest such as 353 (79FRP2396757) 
and 354 (81KFZ55). 
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(353: R'pcrhydropyrrolo , 2-.iJ pyrazi n-2-yl) (354) 

In an alternative approach, antihypertensives of type 356 were obtained 
by treatment of substituted perhydropyrrolo[ 1,2-a]pyrazines with 4- 
vinylpyridine, giving 355 which, on catalytic reduction followed by 
acylation with the appropriate derivative, gives 356 (83USP4414389). The 



(355: R 1= 4-pyridyl) (356) 


synthesis of the antihypertensive perhydropyrrolo[l,2-a]pyrazine (358) 
proceeds via condensation between 2-amino-6-chIoropyrazine and ethyl 
prolinate to give 357, which is reduced to the corresponding amine. Ring 



co 2 Et co 2 Et o C0 2 Et 


(359) (360: R^p-tolyl, R 2 =H) (362: R=p-tolyl) 

(361: R^p-tolyl, R 2 =BrCH 2 CO) 
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(363) 

closure of the amine with oxalyl chloride gives the piperazinedione, which 
is converted to 358 by diborane reduction (82USP4339579). 

The preparation of a number of 1,4-diketopyrrolo[l ,2-a]pyrazine deriv¬ 
atives with central nervous system (CNS) depressant properties is illus¬ 
trated by the preparation of compound 362. 2,5-Dicarbethoxypyrrolidine 
(359) is treated with the appropriate amine to give 360, which reacts with 
2-bromoacetylbromide to produce 361. Ring closure of 361 to 362 was 
promoted by heating 361 with sodamide (73FES463; 75BRPI409I85; 
84FES718). The synthesis of related CNS stimulants and depressants of 
type 363 have also been described (71USP3563992). 

Among various diazabicyclic systems with anticonvulsant, depressant, 
and analgesic properties, 2-(2-phenethyl)-3-phenylperhydropyrrolo[l,2- 
ajpyrazine (365) was synthesized by the reaction between l-(2-chloro- 
2-phenethyl)-2-chloromethylpyrrolidine (364) and 2-phenethylamine 



(364) (365) 


(70USP3531485). Ring closure of the dehydrodipeptide (366) with 1,5- 
diazabicyclo[5.4.0]undec-5-ene (DBU) in boiling benzene gives 367, which 
was further transformed to compounds such as 368 and 369 (77CB921). 
Similarly, ring closure of N-methyl-l-pyruvoyl-(25)-pyrrolidin-2-carboxa- 
mide (370) gives 371, which is isomeric with 369 (74CB2804, 74CB28I6; 
75CB2907, 75CB2917). 


Qr H 



(366) 


(367) 
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(368) 


Or H 

I CONHMe 

(co) 

I 

Me 


(370) 



(373: R=p-N0 2 Ph) 



(374) 



Photochemical oxidation of cyclo-DL-Pro-Gly gives peroxide 372 
(78CB361). Deprotection of the thiol group of 373 gives the perhydro- 
pyrrolo[l,2-u]pyrazin-l,4-dione (374) (85TL5481). 
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B. Stereochemistry 


The dioxopiperazine ring in N-(phenylacetyl-L-alanyl)-cyclo-(-L-Phe-D- 
Pro) (375) adopts a boat conformation with the PhCH 2 side chain in the 
axial position and the pyrrolidine ring in a /8-envelope conformation. The 
differences in N—C(O) bond lengths are shown in structure 375 
[82CSC(A)1487; 84MI3]. Similar conformations are adopted by N- 
(pyruvoyl)-cyclo-(-L-Phe-D-Pro-) (85M1I) and pyroergotamine (376) 
(85HCA724). X-ray data on the N-hydroxy-dioxopiperazine (377) are pro¬ 
vided with the structure (86MI2). 

Computational studies on proline containing cyclic dipeptides have been 
performed (76JA5358), and lanthanide NMR shifts have been used to 




(376) 


Bond Lengths (A) 

C-l - N(2) 1.396 

N(2)- CO 1.416 

N(2)- C-3 1.483 

C-4 -N(5) 1.314 

N(5) -C-8a 1.464 

N(5)-C-6 1.467 


(375) 



Bond lengths (A) 


C-8a-C-l 1.499 

C-l -N 1.329 

N -C-3 1.461 

C-3 -C-4 1.510 

C-4 - N 1.322 

N -C-8a 1.467 

N - C-6 1.471 

C-6 - C-7 1.528 

C-7 - C-8 1.528 

C-8 - C-8a 1.518 


(377) 
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study side-chain conformations in these (76JA5365). The circular dichro- 
ism (CD) spectrum of cyclo-(-Pro-D-Val) is available (85MI2). 

The 7( I3 CH 3 —N—C—H A (b>) values in 378 have been obtained in or¬ 
der to establish a Karplus-type relationship with the dihedral angle 
[80CR(C)291]. Detailed 'H-NMR studies using a generalized Karplus rela¬ 
tionship have been used in assigning conformations to, for example, 
cyclo-(-Pro-D-Ala) (85BSB187). I3 C-NMR shifts for 379 are given with the 
structure (82CCC3312). 



Chemical shifts (6) 


C-l 169.9 

(378) C-3 64.3 

C-4 165.3 

C-6 45.5 

C-7 22.8 

C-8 23.3 

C-8a 58.2 


(379: R*ergine moiety) 



XV. Perhydropyrrolo[2,l*c][l,4]oxazines 

A. Synthesis and Reactions 

Most perhydropyrrolo[2,l-c][l,4]oxazines reported during the period 
covered by this review have been been derived from proline. The simplest 
of these, 382, is obtained by ring closure of 381 which is obtained by the 



| CHjOh 
CH 2 C0 2 'Bu 


380) 


(381) 


(382) 
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reaction bteween prolinol (380) and /-butyl bromoacetate (74CC395). In a 
similar manner, L-prolinol in converted to 383 by treatment with (R)-2- 
bromo-3-phenylpropionic acid and dicyclohexylcarbodiimide in dichlo- 
romethane, which is then cyclized to 384 by a sodium hydride treatment. 
This compound provides a route to Boc-Pro(t//)[CH 2 0]Ph—OH (385) by 
acid hydrolysis followed by amine protection (87JOC418). Similar routes 
to modified oxytocin and vasopressin dipeptides have been described 
(86USP4596819). 



0 O Ph-—' H 


(583) (384) (385) 

Routes to perhydropyrrolo[2,l-c][l,4]oxazin-l,4-diones are varied. 
Thus, 386 is obtained from prolinol by double carbonylation in the 
presence of PdCI 2 (MeCN) 2 /CuI catalyst under CO and 0 2 in an autoclave 
at room temperature (87CC125); 388 is obtained from 387 with a diastereo- 
isomeric excess of 65% using 2,3-dichloro-5,6-dicyanobenzoquinone 



(389) 


(390) 
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(391) (392) 

(86CC741); 390 is obtained by an oxo-Wittig-type rearrangement of car- 
bobenzyloxy-L-proline (389) [76CI(L)693]; and cyclo (JV-D-pantoyl-L- 
proline) (392) is obtained as a byproduct from the reaction between d- 
pantolactone (391) and L-proline (79MI1, 79MI2). 

3,3-Dimethylperhydropyrrolo[2,l-c][l,4]oxazin-l-one (393) has been 
obtained by reacting isobutene oxide and proline (83AP339). 8-Hydroxy-8- 
phenylperhydropyrrolo[2,I-c][l,4]oxazin-6-one (396) has been obtained 
by photocyclization of /V-benzoylacetamidomorpholine (394) via 6-hydro- 
gen abstraction to the 1,5-diradical intermediate (395) by the ketone car¬ 
bonyl group [74CC743; 76JCS(P 1)2054]. 



(394) (393) (396) 

3-Substituted perhydropyrrolo[2,l-c][l ,4]oxazin-l ,4-diones (e.g., 400) 
have been used in the synthesis of optically active 2-hydroxy-2- 
methylalkanoic acids as shown in the conversion of 397 to the S-isomer 
(402). The acid chloride (398) derived from 2-methylenehexanoic acid 
(397) reacted under Schotten-Baumann conditions with L-proline to give 
amide 399 which, on treatment with N-bromosuccinimide, gave 400. Re¬ 
duction of 400 with tributyltin hydride gave 3,3-dialkylperhydropyrrolo- 
[2,1 -c][ 1,4]oxazin-1,4-dione (401), which was hydrolyzed by 48% aqueous 
hydrogen bromide to ( + )S-2-hydroxy-2-methylhexanoic acid (402) 
(86EUP198348, 86EUP198352; 87TL2801). 
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(400) (401) (402) 


A related route to a-hydroxyalkanoic acids is illustrated by the synthesis 
of f?(-)-2-hydroxy-2-methylbutyric acid (407) from (S)(-)-tigloylproline 
(403). The initial step of halolactonization of 403 with N-bromosuccini- 
mide in DMF proceeds stereospecifically to give 405 (94.5%) and 407 
(5.5%). Debromination of 405 to 409 with tributyltin hydride in benzene, 
followed by hydrolysis, gave the desired compound 410 (77TL1005; 
79T2337, 79T2345). 

In a similar way, the 3-substituted perhydropyrrolo[2,l-c][l,4]oxazin- 
1,4-diones (406, 408) provided a route to optically active a,/3-epoxyal¬ 
dehydes from a,/3-unsaturated acids. Condensation of a-methylcinnamic 



(403: R=Me) (405: R=Me) (407: R=Me) 

(404: R=Ph) (406: R=Ph) (408: R=Ph) 



CH 2 Me 




COjH 
j— OH 


CH 2 Me 


(409) 
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(411) 


h^V7< 


Me 

CHO 


(412) 


acid with proline gave 404 which, on bromolactonization, gave predomi¬ 
nantly 408 along with a small amount of 406. This mixture was treated with 
sodium methoxide in methanol and ring opened to the epimeric epoxy 
esters (411). Reductive cleavage of the proline moiety gave (2/?),(3S)-2- 
methyl-3-phenyIepoxypropanal (412) (80TL2733; 8IT2797). 

A different usage of such oxazin-l,4-diones in synthesis is exemplified 
by the preparation of the enantiomerically pure acyloin (417). The S- 
proline derivative (413) was treated with an allylsilane in the presence of a 
Lewis acid to give a mixture of optically active tertiary homoallyl alcohols 



(416) (417) 


(414, 415). Diastereomer 414 was readily cyclized to 3,3-disubstituted 
perhydropyrrolo[2,I-c][l,4]oxazin-f ,4-dione (416), while 415 remained 
unchanged under the conditions employed. Acyloin 417 was then obtained 
by treatment of 416 with methyl lithium in tetrahydrofuran (86JOC3290). 
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B. Stereochemistry 


The 'H-NMR coupling constants provided with the structures show 
perhydropyrrolo[2,I-c][l,4]oxazin-3-ones 418 and 419 to exist in the con¬ 
formations shown (74CC395). 






Chemical shift (5) 

H-lax 4.14 (J-10, 10Hz) 

H-leq (J-10, 4.5Hz) 

(418) 


Chemical shift (6) 
H-leq 4.62 (J-6.5Hz) 

(419) 


XVI. Perhydropyrrolo[2,l-c][l,4]thiazines 

Synthesis 

Derivatives of perhydropyrrolo[2,l-c][l,4]thiazine have been prepared 
in connection with the development of angiotension-converting enzyme 
inhibitors. For example, condensation between 2-(acetylthio)propionic 
acid (420) and (-butyl prolinate in the presence of dicyclohexylcarbo- 
diimide gave r-butyl N[2-(acetylthio)propanoyl]prolinate which, after suc¬ 
cessive deprotection [anisole/trifluoroacetic acid; (ii) NHVMeOH], pro¬ 
duced 421. Cyclization of 421 using ethyl chloroformate and triethylamine 
gave rise to the required 3-methylperhydropyrrolo[2,l-c][l,4]thiazin-l,4- 
dione (422) (80BRP2036743, 80USP42096I7; 86JMC784). In an alternative 
sequence, treatment of a mercaptopropionic acid ester with a N-protected 
proline gave 423. Again, deprotection followed by cyclization gave 422 
(80EUP17390). 



O o O 


(421) 


(422) 
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^^C0SCHC0 2 Y 


(423) 


The search for dopamine antagonists has led to the synthesis of com¬ 
pounds of type 427. The diester 425, prepared by treatment of methyl 
(3-thiomorpholino) acetate (424) with ethyl bromoacetate on Dieckmann 
cyclization, gave perhydropyrrolo[2,l-c][l ,4]thiazin-6-one (426). This was 
converted to the oxime, which was then reduced and acylated to 427 
(82EUP57536). 




fr 


CH 2 C0 2 Me 

'CH 2 C0 2 Et 


(423) 



(426) (427) 


XVII. Perhydropyrrolo[l,2-fl]pyrimidines 

A. Synthesis 

The parent compound, perhydropyrrolo[l,2-a]pyrimidine (428), is ob¬ 
tained by the reaction between 4-chlorobutanal and 1,3-diaminopropane in 
the presence of potassium carbinate (83TL1559). A study of ring-chain 
tautomerism in such systems shows that in neutral aqueous solutions 428 
predominates [84ACS(B)526], 6-Propyl and 6-heptyl derivatives (430) 
were prepared by reduction of 429 with LiAIH 4 . Hydroxyethylation of 430 
with 50% excess ethylene oxide gives rise to 431 (76URP527433). 



(428) 
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(429) (430) (431) 


Studies aimed at the total synthesis of (S )-(-)-celacinnine have involved 
the preparation of an optically active nine-membered azalactam (435) via 
pyrrolo[l,2-a]pyrimidine intermediates. The (S)-(-)-/3-Phenyl-/3-alanine 
methyl ester (432) was condensed with 2-methoxypyrroline (433) by heat¬ 
ing at 130°C to give 434. Ring expansion of 434 was accomplished by 
treatment with three equivalents of NaBH?CN in acetic acid to give 
S-(-)-435 (31%) along with 32% of S-(-)-2-phenylperhydropyrrolo[l,2- 
«]pyrimidin-4-one (436). The latter was also obtained by reduction of 434 
with NaBH 4 in methanol (87H85). Similarly, reaction between 2- 
methoxypyrroline (433) and the ethyl ester of/3-alanine gave 437 which, on 
catalytic hydrogenation, afforded 438 (69BSF3I39). 



(4 37) 


(438) 
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8a-Phenylperhydropyrrolo[l,2-a]pyrimidin-6-one (440) has been 
synthesized by treating 3-benzoylpropionic acid (439) with 1,3- 
diaminopropane in the presence of a catalytic amount of p-toluenesulfonic 
acid (70USP3526626). Other related derivatives have been described 


PhCO(CH 2 ) C0 2 H 


(67USP3334099; 70USP3526660), and compounds of type 441 have been 
reported as agrochemicals (81EUP31042; 86EUP190105; 87GEP3600903). 

B. Stereochemistry 

The 'H-NMR coupling constants and chemical shifts of 8a-methylperhy- 
dropyrrolo[l,2-a]pyrimidin-6-one, shown with the structure, are in accor¬ 
dance with conformation (442). Data on 1,8a-dimethyl- and 8a-phenyl- 
substituted derivatives of the same system are also available (71AP774). 

Chemical Shifts (J) 

H-2 3.0, 3.12 

H-3ax 1.6 (J-12) 

H-3eq 1.4 (J-4) 

H-4ax 3.08 (J-2, 13.5) 

H-4eq 4.12 (J-13.5) 

H-7 2.43 

H-8 1.8, 2.18 



(442) 
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XVIII. Perhydropyrrolo[2,l-6][l,3]oxazines 

Synthesis 

The general procedure for preparing a variety of perhydropyrrolo- 
[2,l-b][l,3]oxazin-6-ones with sedative properties is illustrated by the 
preparation of 8a-/7-tolylperhydropyrrolo[2,l-6][l,3]oxazin-6-one (444). 
3-(p-Methylbenzoyl)-propionic acid (443) was converted to N-( 3- 
hydroxypropyl)-3-(4-methylbenzoyl)propionamide by treatment with 
ethyl chloroformate and triethylamine followed by 3-aminopropanol. The 
amide was then ring closed to 444 upon heating in xylene in the presence of 
p-toluenesulfonic acid (68USP3414585). The preparations of related com¬ 
pounds were conducted in a similar manner (76JMC436). In a variation on 
this synthesis, 3-benzoyl-propionic acid was replaced by 4-chlorobutyro- 
phenone (79AF983). 


rco(ch 2 ) co 2 h 


(443: R=p-tolyl) 




t 445 ) (446) (447) 



(448) 

A different route to these types of compounds is illustrated by the 
synthesis of perhydropyrrolo[2,1 -b][ 1,3]oxazin-6-one (448). The tetrahy- 
dropyranyl ether (445), derived from trimethylene iodohydrin, was boiled 
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under reflux with 2-pyrroiidinone in THF in the presence of sodium hy¬ 
dride to give 446. Deprotection of 446 gave 447, and oxidation of this 
resulted in cyclization to 448 (80H1089). 



O O 


(450) (451) 

The direct reaction between diketene and 2-methoxy-l-pyrroline (449) 
gave a mixture of 450 (11%) and 8a-methoxy-2-methyleneperhydropyr- 
rolo[2,l-h][l,3]oxazin-4-one (451, 73%) (75H927). 


XIX. Perhydropyrrolo[2,l-6][l,3]thiazines 

Synthesis 


Among the compounds evaluated for their ability to reverse electro¬ 
convulsive shock-induced amnesia in mice, perhydropyrrolo[2,l- 
h][l,3]thiazin-4,6-dione (454) was synthesized. A mixture of 5-ethoxy- 
pyrrolidone (452) and 3-mercaptopropanoic acid was heated at 60°C for 
16 hr to give 453, which ring closed to 454 on heating with acetic anhydride 
in acetic acid (87JMC498). 



ho 2 c(ch 2 ) S- 


h V 



(453) 


XX. Conformational Analysis of Saturated 6/5 Ring Systems with 
Bridgehead Nitrogen and a Single Additional Heteroatom 

All 18 systems (Sections II-XIX) described in this review may exist in 
solution as an equilibrium mixture of one trans-fused and two cis-fused 
conformers interconvertible by nitrogen inversion and ring inversion. For 
the parent compound, indolizidine (455), this is illustrated by the equilib- 
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rium 456 457 ^ 458. IR studies (68TL6191) on trans-(H-8,H-8a)-8- 

hydroxyindolizidine suggested an equilibrium for indolizidine, itself with 
AG °298 = 2.4 kcal mol -1 , favoring the trans-conformer 456 (98%). The 
360 MHz NMR spectrum of 455 confirmed the trans-conformation with a 
chair piperidine ring [84JCS(PI)I], In addition, studies on the l3 C-NMR 
spectra of the 6-ethyIindolizidines showed no detectable amounts of cis- 
fused conformers (87MI1). The equilibrium for cis-(H-6,H-8a)-6- 
ethylindolizidine (459 ^ 460), relative to that for indolizidine, should be 
biased towards the cis-conformer (460) by the gauche-butane and gauche- 
propylamine-type interactions resulting from the presence of the axial 
ethyl group in 459, which may be estimated as 1.5 kcal mol -1 (75CC844) or 
1.8 kcal mol -1 (76TL3765). Taking these values and the literature value of 
AG° 2 9 r =2.4 kcal mol -1 for the indolizidine equilibrium gives AG ° 2 98 values 
of 0.9 kcal mol -1 (82%of 459) or 0.6 kcal mol -1 (73% of 459) for 459 ^ 460. 



(459) (460) 

Such equilibria were not indicated by the ,3 C-NMR spectra, and it would 
seem that the equilibrium 459 460 contains no less than 90% of 459 

(AG °298 = 1.3 kcal mol -1 ). Taking the lower limit of 1.5 kcal mol -1 for the 
gauche-butane and gauche -propylamine interactions in 459 gives a mini- 
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mum estimate for the indolizidine equilibrium of AG° 298 = 2.8 kcal mol 1 
(>99.1% of 456) (87MI1). 

Only the trans-conformer (461) of perhydropyrazolo[l,2-a]pyrazine has 
been detected by l3 C-NMR spectroscopy (Section II), a result that paral¬ 
lels the strong conformational preference for the trans-conformer [AG° 224 
(trans ^ cis) = 2.4 kcal mol 1 ) shown by the six-membered ring analogue 
462 [84AHC(36)1; Section III,C,2], 



(461) (462) 



(463) (464) 

Turning to the perhydro-isoxazolo[2,3-o]pyridines (Section IV), the 
presence of the oxygen atom a to the bridgehead nitrogen is expected to 
raise the barrier to nitrogen inversion [80AG(E)52I], In line with this, a 
coalescence temperature of 35-40°C was observed for the 463 ^ 464 
equilibrium (Section IV,B). 

The conformational analysis of the perhydro-imidazo[l ,5-a]pyridines 
(465) (Section VI), the perhydro-oxazolo[3,4-a]pyridines (466) (Section 
VII), and the perhydrothiazolo[3,4-«]pyridines (467) (Section VIII) may 
best be considered together since the conformational preferences of these 
systems are dominated by the generalized anomeric effect [83MI1; 



(465) (466) (467) 

84AHC(36)1] and also involve differences in nonbonded interactions and 
ring fusion strain. Thus, comparison of the equilibrium positions for indoli¬ 
zidine with that for 466 shows a relative stabilization of the O-inside 
cis-conformer (469) (Scheme 5) of the 1 ,3-heterocycle. This stabilization is 
due to the favorable anomeric effect in 469 and the smaller oxygen/C-5 
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methylene interaction in 469 relative to the C-2/C-5 methylene interaction 
in the corresponding conformer (457) of indolizidine. 

Examination of other systems (Scheme 5) shows the importance of the 
third major factor, ring fusion strain, in influencing the position of con¬ 
formation equilibria in these types of systems. The change in position of 
conformational equilibrium from 73% trans-conformation in perhydro- 
oxazolo[3,4-a]pyridine (468 469) to 14% trans-conformation in 

perhydro-oxazolo[3,4-</][l ,4]oxazine (472 ^ 473) [74JCS(P2)1419] may at 
first sight be attributed to a reduction in the magnitude of the indicated 
gawc/ie-butane-type interaction in the cis-fused conformation, since Me/ 
heteroatom interactions are less severe than CH 2 /CH 2 interactions. The 
swing back to 84% trans-conformer in the perhydro-oxazolo[3,4-d]- 
[l,4]thiazine equilibrium (474 475), however, is inconsistent with this 



(468) 73% (183K) (469) 



(470) 60% (193K) (471) 



(472) 14% (298K) (473) 



(474) 84% (298K) (475) 


Scheme 5. Conformational equilibria in 6/5 systems. 
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[76JCS(P2)203], Since the C—S bond length (1.82 A) is larger than the 
C—O length (1.43 A), the indicated nonbonded interaction between the 
CH 2 and sulfur atom in 475 should be less than that between the CH 2 and 
oxygen atom in 473. Thus, a shift towards the cis-conformer in the 1,4- 
thiazine system is expected. In order to explain the observed opposite 
direction of the shift, ring fusion strain in trans-fused 6/5 systems was 
proposed [76( JCS(P2)203], Such trans-fusions can only be accomplished 
by distortion of the geometry present in the strain-free ring components, 
which results in an unfavorable puckering of the six-membered ring. The 
problem is much less severe in cis-fused six-membered to five-membered 
ring systems, since the ring fusion strain is accommodated by a slight 
flattening of the chair six-membered ring against a relatively soft potential 
barrier (65MI1). Thus, in fused 6/5 systems, the expectation is for a 
relative destablization of the trans-conformer by the ring fusion strain. 

Following such an argument, the shifts in conformational equilibria 
(Scheme 5) may be rationalized by accepting greater ring-fusion strain in 
the trans-fused 1,4-oxazine than in the 1,4-thiazine as a result of the 
relative inability of the smaller oxygen-containing ring to incorporate the 
puckering caused by trans-fusion. The change in equilibrium position, on 
replacement of the oxygen atom in 466 by sulfur as in 467, must represent a 
balance between a decrease in ring-fusion strain in 466 and an increase in 
the anomeric stabilization of the m-fused perhydrothiazolo[3,4-a]pyridine 
(471) relative to the oxygen analogue 469. Thus, perhydro-oxazolo- 
[3,4-a]pyridine, because of the short C—O bond length (1.43 A), may be 
relatively more strained than /rans-hydrindane (65MI1), whereas the 
longer C—S bond (1.82 A) in perhydrothiazolo[3,4-a]pyridine will reduce 
such strain. 

The increase in the anomeric stabilization of the S-inside cis-fused 
conformer of perhydrothiazolo[3,4-a]pyridine (471) is expected from a 
comparison of the equilibria positions of perhydropyrido[l,2-c]- 

[1.3] oxazine (476 ^ 477) (90% 476 at 298 K) and perhydropyrido[1,2-c]- 

[1.3] thiazine (478 ^ 479) (64% 478 at 198 K) [84AHC(36)I; Sections 
III,D,I and 2], In these systems, the trans-conformers are strain-free, so 
the position of equilibria reflects largely the change in anomeric stabili¬ 
zation. 



(476) 


(477) 
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(478) (479) 

In contrast to the equilibrium for 466 and 467, the equilibrium in 2- 
methylperhydroimidazolo[l,5-a]pyridine (465; R = Me) shifts back to¬ 
wards the trans-conformer (> 98%). This shift must be due to stabilization 
of the trans-fused conformer by the generalized anomeric effect brought 
about by N-2 inversion, rather than by N-4 inversion as in 466 and 467. 
This is supported by the position of equilibrium (83% 480 17% 481) in 

465 (R = Me) (87MI2). 



(480) (481) 

The conformational equilibria for the various alkyl substituted deriv¬ 
atives of 466 and 467 may also be rationalized in terms of nonbonded 
interactions and the generalized anomeric effect. Thus, the ring A alkyl 
substituted derivatives show heavy bias towards a particular con¬ 
formation. Those isomers in which the substituent is equatorial in the 
trans-conformation, such as 482 and 483, show no detectable amounts of 


(482: X=0) 

(483: X=S) 

the cis-conformers. The epimer of 482 adopts an equilibrium containing 
~3% trans-conformer (484) in equilibrium with 97% O-inside cis-fused 
conformer (485) at 190 K in CDC1 3 (88MI1). In this case, conformer 484 is 
disfavored by nonbonded interactions arising from the axial ethyl substitu¬ 
ent and the generalized anomeric effect. Similar equilibrium positions have 
been observed for the sulfur analogues [88JCS(P1)1173]. 

Whereas the cis-(H-l,H-8a) 1-alkyl substituted derivates of 466 and 467 
adopt exclusively the trans-conformers (486, 487) because of unfavorable 
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(484) (485) 

nonbonded interactions in the alternative cis-conformers, the epimers 
adopt 82% trans 488 ^ 18% cis 490 equilibria at 183 K in CDCI3/CFCI3 
(88MI1) and 87% trans 489 ^ 13% cis 491 in CDCl, at 193K 
[88JCS(P 1)1173]. 



(487: X=S) (489: X=S) (491: X=S) 




(492) 


(493) 


(494) 



(495) 

Derivatives of 466 carrying alkyl substituents in each ring have also been 
studied (820MR242). For example, the preferred conformation of the 
1,8-dimethyl derivatives are shown in 492 - 495 . One isomer adopts the 
cis-conformation ( 495 ) and the rest adopt the trans-conformation, with 493 
providing evidence of conformational distortion of the ring system. 
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The stereochemistry of protonated 466 shows important differences to 
that of the free base. Thus, protonation of a solution of 466 in ether by 
hydrogen chloride gas gave a mixture containing 28% trans- and 72% 
cis-salts (496, 497). The 'H-NMR spectrum of the cis-salt (496) in CDC1 3 
showed an equilibrium 498 ^ 499 containing 24% of the O-outside cis- 
conformer 499, whereas the corresponding O-outside cis-conformer of the 
free base has not been detected. This must be due to the stabilization of 499 



(498) (499) 

(relative to the situation in the free base conformers) by the generalized 
anomeric effect and the smaller number of nonbonded interactions relative 
to those in the O-inside cis-conformer introduced by protonation (88MI2). 

The conformational preference of perhydropyrrolo[l,2-c][l,3]oxazine 
(Section X) for the O-inside cis-conformation (501) must be due to its 
stabilization relative to the trans-conformation (500) and the O-outside 
cis-conformation (502) by the generalized anomeric effect and the 
presence of ring fusion strain (see previous discussion) in the trans- 
conformer (500). The nonbonded interaction between the oxygen atom 



(500) 


(501) 


(502) 



Refs.) 


B1CYCLIC SIX- AND F1VE-MEMBERED RINGS 


267 


and the C-6 methylene in 501 must also be less than that between the C-4 
and C-7 methylenes in 502. The difference in position of conformational 
equilibria for this compound and indolizidine (455) parallels the difference 
between the equilibria for N-methyltetrahydro-l,3-oxazine and N- 
methylpiperidine [84AHC(36)1; Sections III,A,1 and III,D,1], 
Perhydrothiazolo[3,2-a]pyridine (Section XIII) has been shown to 
adopt an equilibrium between 43% of the trans-fused conformer (503) and 
57% of the cis-fused conformer (504) in CS 2 solution at 308 K 
(81OMR103), again showing the importance of the geometry of the 1,3- 
heterocyclic moiety on conformational equilibria positions. 

(503) (504) (505) 

In systems described in Sections XIV-XVI, the 1,4-arrangement of 
heteroatoms is not expected to affect the relative importance of the trans¬ 
conformation shown by indolizidine. In line with this, the perhydro- 
pyrrolo[2,l-c][l,4]oxazin-3-one has been shown to adopt the trans- 
conformation (505) (74CC395) (see Section XV). 
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I. Introduction 

The structural characteristic of 1,2,4-triazoles (1) that distinguishes 
them from 1,2,3-triazoles (2) is the presence of only two adjacent nitrogen 
atoms in the former instead of the three that occur in the latter. When at 
least one of the three nitrogens of a 1,2,4-triazole ring is common with 
another ring, the system is called a fused or condensed 1,2,4-triazole 
system. Fusion of a 1,2,4-triazole ring with another heterocycle results in 
three possible isomeric systems having nitrogen bridgeheads: 

(1) condensed l,2,4-triazolo[l,2-z]heterocycles(3), 

(2) condensed l,2,4-triazolo[3,4-z]heterocycles(4), 

(3) condensed I,2,4-triazolo[I,5-z]heterocycles(5). 



m U) i$) 
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(The letter z designates the place of fusion of the heterocycle to the 

1.2.4- triazole ring.) This chapter reviews the methods of synthesis of type 
(2) of the previously mentioned compounds, i.e., condensed 1,2,4- 
triazolo[3,4-z]heterocyclic systems (4). 

The synthesis of condensed 1,2,4-triazoles has been of interest because 
of the multifarious biological activities they possess. Thus, for example, 

1.2.4- triazolo[4,3-a]quinoxalines are active fungicides (77USP4008322) 
against Piricularia oryazae\ l,2,4-triazolo[4,3-h]pyridazines showed mild 
central nervous system activity (79PHA801); 8,9-dimethoxy-l,2,4- 
triazolo[4,3-c]quinazolines (77USP4053600) and 7,8,9,10-tetrahydro- 

1.2.4- triazolo[3,4-a]phthalazines [78JAP(K)7821197] exhibited antiinflam¬ 
matory activity. Ishii et al. (79YZ533) reported that 2//-I,2,4-triazolo- 
[3,4-a]phthalazin-3-one, 3-methyl-l,2,4-triazolo[3,4-a]phthalazine, and 3- 
ethyl-l,2,4-triazolo[3,4-a]phthalazine, which are metabolites of the active 
hypotensive drugs ecarazine (1-ethoxycarbonylhydrazinophthalazine) 
and hydralazine (1-hydrazinophthalazine), were potent inhibitors of 
cyclic adenosine monophosphate phosphodiesterase, equal to theophyl¬ 
line in potency, and possess smooth muscle relaxant activity. Some pyr- 
rolidino[2,l-c] 1,2,4-triazoles, l,2,4-triazolo[4,3-u]pyridines, and 1,2,4- 
triazolo[4,3-a]azepines are useful as analeptics and as central nervous 
system and respiratory system stimulants (59BP825514). 3-Amino-l,2,4- 
triazolo[4,3-c]pyrimidines (62BP898408) were found to be bronchodilators 
and respiratory stimulants. They also inhibited formation of granulomata 
and were useful in treating rheumatoid arthritis (62BP898408). 

In this review, the synthesis of condensed l,2,4-triazolo[3,4-z]- 
heterocycles (4) is arranged according to the complexity of the ring directly 
fused to the 1,2,4-triazole nucleus (irrespective of other rings that might be 
fused to it) beginning with those rings having one nitrogen atom in a 
five-membered ring and going to those that are more complex. The hetero¬ 
cycles have been arranged in the following order according to their types of 
heteroatoms: nitrogen, oxygen, sulfur, and other elements. Consideration 
has been given to the possible alternative nomenclature of some 1,2,4- 
triazoles[3,4-z]heterocycles such as heterocyclo[n,An-c] 1,2,4-triazoles 
(n,m are numbers indicating linkage positions of the heterocycle to 
the traizole ring) in order to comply with the nomenclature rules of the 
IUPAC. The literature has been searched up to the end of April, 1988. 


II. Condensed 1,2,4-Triazolo-azoles 

The synthesis of the three following types of 1,2,4-triazolo-azoIes (6-8) 
relevant to the topic of this review will be discussed. 



Sec. II.A] CONDENSED 1,2,4-TRIAZOLO[3,4-zlHETEROCYCLES 281 



A. Pyrrolo[2,1-c] 1,2,4-tri AZOLES 

Condensation of imidate ester 9 with acid hydrazides gave intermediate 
hydrazides 10, which underwent dehydrative cyclization to give the 3- 
substituted pyrrolidino[2,I-c] 1, 2, 4-triazoles (11) (57CB909; 59BP825514). 
Dehydrative cyclization of 2-aroylhydrazonopyrrolidines (12) with hexa- 
methyldisilazane (HMDS) and trifluoromethanesulfonic acid (H + ) af¬ 
forded the 3-arylpyrrolidino[2, 1 -c] 1,2,4-triazoles (14) (87MII). Arylhy- 
drazones (15) of pyrrolidin-2-one undergo cyclization with one-carbon 
cyclizing agents (e.g., methyl chloroformate, phosgene, and thiophos- 
gene) to give the pyrrolidino[2,1-c] 1, 2,4-triazoles (16) and (17) (80USP- 
4213773). Reaction of pyruvaldehyde phenylhydrazonyl chloride (18) 
with pyrrole (19) at room temperature gave, among other products, 
pyrazolo[3,4:4,5]pyrrol[2,I-c]l,2,4-triazole (20) and its isomer 21 (78- 
JHC1485). 



(12) (13) <|M 
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B. 1 ,2,4-Triazolo[4,3-a]indoles 

The 1,2,4-triazolo[4,3-u]indoIes (25) have been synthesized (75JHC717) 
by the cyclization of 2-amidobenzophenones (22) with hydrazine through 
the intermediates 3-amino-4-hydroxyquinazolines (23) and triazolylbenzo- 
phenones (24). 



Sec. III.A] CONDENSED l,2,4-TRIAZOLO[3,4-z]HETEROCYCLES 283 



(25) 


C. 1 ,2,4-Triazolo[3,4-<j]isoindoles 

Direct cyclocondensation of 1-hydrazinoisoindole (26) with orthoesters 
gave (76UKZ1159) 3-substituted 5fM,2,4-triazolo[3,4-a]isoindoles (27). 
Some pyrrolidino[2,l-c]l,2,4-triazoles are useful (59BP825514) as herbici- 
dals, analeptics, and central nervous system and respiratory system stimu¬ 
lants. 



(26) 



III. Condensed 1,2,4-Triazolo-diazoles 

A. 1 ,2,4-Triazolo-1 ,2-di azoles 

Of the various possible 1,2,4-triazolo-l,2-diazoles, only the two fused- 
ring system, (28 and 29) are related to this review. 

1. Pyrazolo[5, l-c]l,2,4-triazoles 


Pyrazolo[5,l-c] 1,2,4-triazoles 33 were prepared [71GEP(0)1810462; 
77JCS(P1)2047] by the dehydrative cyclization of pyrazol-3-ylhydrazides 
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31 as well as by the oxidative cyclization of aldehyde pyrazole-3- 
ylhydrazones 32. Coupling of the 3-pyrazolodiazonium salts (34) with 
2-chloro- 1,3-diketones (35) gave hydrazonyl chlorides 36, which were 
cyclized to the pyrazolo[5,l-c] 1,2,4-triazoles (77JHC227) (37) by treat¬ 
ment with triethylamine. Adopting the approach of constructing the tria¬ 
zole ring onto a pyrazole, German investigators (70CB3284; 79TL1567; 
87MI2, 87MI3) synthesized pyrazolo[5,l-c] 1,2,4-triazoles (39-41) through 
the addition of diazopyrazoles 38 to nitrogen, phosphorus, or sulfur ylides, 
respectively. 

Reaction of /V-phenylbenzoylhydrazonyl chloride (43) with suitably 
substituted pyrazoles (42) in the presence of triethylamine gave 
[82JCS(P1)2663] the corresponding pyrazolo[5,l-c] 1,2,4-triazoles (45). 
Heating the triazolotriazepines (47) with acetic anhydride resulted in ring 
contraction to give (74JHC751; 85MI1) the pyrazolo[5,l-c]l,2,4-triazoles 
(48). Ring transformation of 7-diazo-6-methyl-l,2,4-triazolo[4,3-6]- 



(32) 


(33) 
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(49) (50) 


pyridazin-8-one (49) by ultraviolet irradiation in acidic medium gave 
(72JPR55) 7-carboxy-6-methyl-1 //-pyrazolo[5,1 - c] 1,2,4-triazole (50). 

The pyrazolo[5,l-c] 1,2,4-triazoles 56 have recently been prepared 
(86JHC43) from 8-thioxo-l,3-benzothiazines (52) and thiocarbohydrazide 
(51) through the mesoionic intermediates (53) and triazolothiadiazines 
(54). 
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(56) (55) (54) 


2. 1,2,4-Triazolo[4,3-b]indazoles 


A reported example of these compounds, namely l,2,4-triazolo[4,3- 
6]indazole (59), was synthesized (76H1655) by the cycloaddition of C- 
acetyl-N-phenylnitrilimine (58) to 1-methylindazole (57). 



(57) (58) (59) 


B. 1,2,4-Triazolo-1,3-di azoles 

Compounds of this class pertaining to this review include the three 
fused-ring systems (60-62), the synthesis of which will be discussed. 
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1. Imidazolol2,l-c]l ,2,4-triazoles 

Scott et al. [70TL4083; 72JHC(P1)2224] reported the condensation of 
hydrazonyl chlorides of type 63 with 1,2-diaminoethane in aqueous diox- 
ane to produce 3-aryl-5,6,7-trihydroimidazolo[2,l-c]l,2,4-triazoles (65). 
Fusion of an imidazole ring onto a triazole nucleus was the approach used 
(78UKZ725) in the reaction of 3-amino-2-methyl-5-substituted-l,2,4- 
triazole (66) with a-haloketones in the presence of perchloric acid to give 
l-methylimidazolo-[2,l-c]l,2,4-triazolium ions (67). 



R R 


(66) (67) 


2. Imidazolo[5, /-c/7 ,2,4-triazoles 

The substituted imidazolo[5,l-c]l,2,4-triazole (70) has been obtained 
(68JOC1097) by the reaction of diethyl azodicarboxylate (69) with the 
strained bicyclic imidazolidine 68. 



(69) 


(70) 
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3. 1,2,4-Triazolo[4,3-a] benzimidazoles 

In one of the approaches [82JCS(P1)2663] for the synthesis of this ring 
system (e.g., 72), pyruvaldehyde phenylhydrazonyl chloride (18) was used 
to furnish the two nitrogens and one-carbon fragment necessary for its 
formation from 2-aminobenzimidazole (71). Coupling of benzimidazol-2-yl 
diazonium chloride (73) with a-chloroacetylacetone (74) gave intermediate 
hydrazonyl chloride 75 which, upon base-catalyzed cyclization, furnished 
(83MI1) 3-acetyl-l//-l,2,4-triazolo[4,3-a]benzimidazole (76). Cyclization 
of 2-hydrazinobenzimidazoles (77) with carboxylic acids (84MI1) or or¬ 
thoesters (59JOC1478; 84MII) gave 3-substituted l,2,4-triazolo[4,3-a] 
benzimidazoles (78), while cyclization with carbon disulfide (65ZOR136; 
65ZORI39; 84MI3) or phenyl isothiocyanate (59JOC1478) gave corre¬ 
sponding 3-thiones 79. 



(76) 
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NHj 

(77) 

(79) 

IV. Condensed 1,2,4-Triazolo-oxazoles 

The synthesis of l,2,4-triazolo-l,2-oxazoles related to this review, has 
never been reported. 

1 ,2,4-Triazolo-1 ,3-Ox azoles 

Of the three possible l,2,4-triazolo-l,3-oxazo!es (80-82) which may be 
found in this review, only the synthesis of l,2,4-triazolo[3,4-b]l,3- 
benzoxazoles (82) has been recorded. 

If3-Oxazoio j^2 f 3 -cj 1,2«4-triazoles (80) 
l »3-Oxazoio [* t 3-cj 1»2,4-triazole* (81) 
t ( 2 f 4 -Triazoto ^3,4-bj 1*3-benzoxazole* (82) 
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1,2,4-Triazolo[3,4-b] 1,3-benzoxazoles 

1,2,4-Triazolo[3,4-b]l,3-benzoxazole-3-thione (85) has been prepared 
by cyclizing 2-hydrazino-l,3-benzoxazole (83) with carbon disulfide 
(58USP2861076) or phenyl isothiocyanate (59JOC1478). The alternative 
approach (62TL1193) of fusing the 1,3-benzoxazole onto a 1,2,4-triazole 
was also used in the synthesis of 3-phenyl-1,2,4-triazolo[3,4-6]- 
benzoxazole (88) from 3-hydroxy-5-phenyl-4-(2-methoxyphenyl)- 1,2,4- 
triazole (86). 



(84) 



( 88 ) 
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V. Condensed 1,2,4-Triazolo-thiazoles 

A. 1,2,4-Triazolo-1,2-thiazoles 


This class of compounds includes the two possible ring systems 89 and 
90. Only the synthesis of 90 has been recorded in the literature. 



1,2,4-Triazolo[4,3-b] 1,2-benzothiazoles 

An example of this ring system was prepared (78USP4108860) through 
cyclization of 3-hydrazido-l,2-benzothiazole-1,1 -dioxide (91) with phos- 
phoryl chloride in dimethylformamide (DMF). 3-Methyl-l,2,4-triazolo- 
[4,3-b]l,2-benzothiazole-5,5-dioxide (95) was obtained (79USP4140693) 
when 3-chloro-l,2-benzothiazole-1,1 -dioxide (93) was treated with 3- 
methyltetrazole (94) in the presence of pyridine. 



(93) (94) (95) 
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B. 1,2,4-Triazolo-1,3-thi azoles 

Relevant to this review are the three possible l,2,4-triazolo-I,3- 
thiazoles (96-98). Only the synthesis of the two systems 96 and 98 will be 
reviewed; the synthesis of 97 has not been reported. 


I *3-Thiazolo [?,3-cJ 1,2,4 - triazoles (96) 


1,3-Thiazolo [4,3-c] 1,2,4 - triazoles (97) 


1,2,4-Triazolo ^3,4-bJ 1,3-benzothiazoles (98) 


1 . 1,3-Thiazolo[2,3-c]1,2,4-triazoles 

Kendall et al. (50BP634951) reported as early as 1950 that synthesis of 
this ring system occurred by the reaction of 3-mercapto-5-methyl-1,2,4- 
triazole (99) with chloroacetic acid to give the S(triazolyl)thioglycolic acid 
derivative 100, which afforded 5-hydroxy-3-methyl-l,3-thiazolo[2,3-c]- 
l,2,4-triazol-5-one (101) on hydrative cyclization with acetic anhydride 
in the presence of pyridine. No rigorous proof was given to exclude the 
possible alternative structure 1,3-thiazolo[2,3-Z>] 1,2,4-triazole (102). A 
similar synthetic pathway has been reported by Potts and Husain 
(71JOC10) in which 3-mercapto-5-methyl-1,2,4-triazole (99) reacted with 
a-haloketones to give 103, which was cyclized to the 1,3-thiazolo[2,3- 
c] 1,2,4-triazoles (104). Surprisingly, 3-mercapto-5-phenyl-l ,2,4-triazole 
(105), under the same reaction conditions, gave l,3-thiazolo[3,2-6] 1,2,4- 
triazole (106). The direction of cyclization of this reaction, i.e., the 
triazole-ring nitrogen at which cyclization took place, was found to be 
affected by the acidity of the medium (71 JOC 10; 85JHC1185), the polarity 
of the solvent (71 JOC 10; 85JHC1185), and the nature of the substitutent 
[67MI1; 71JCS(C)1667, 71JOC10; 72JMC332; 74IJC485; 77IJC(B)1143; 
77JAP(K)7753883; 78JHC401; 79IJC(B)364; 80JHC1321; 82IJC(B)243; 
82IJC(B)732, 82MI1; 85IJC(B)1221]. l,3-Thiazolo[2,3-c] 1,2,4-triazoles 
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Me 0 

( 101 ) 002 ) 



H 


(J05) (106) 

(108) and 1 ,3-thiazolo[3,2-Z>] 1,2,4-triazoles (109) were also prepared 
(79S52) by the acid- or base-catalyzed cyclization of the 5-propynyl-l ,2,4- 
triazoles (107). 

A variety of one-carbon cyclizing agents have been used (71JOC10) 
to prepare 3-substituted 1,3-thiazolo[2,3-c] 1,2,4-triazoles (111) from 2- 
hydrazino-l,3-thiazoles (110). The acid hydrazides (113) of these hydra¬ 
zines, prepared either directly from 110 and carboxylic acid derivatives or 
indirectly from 1-acylthiosemicarbazides (112) and a-haloketones, also 
undergo facile dehydrative cyclization to 111. [71JOC10; 78JHC401; 



Sec. V.B] CONDENSED l,2,4-TRIAZOLO[3,4-z]HETEROCYCLES 


295 




296 


MOHAMMED A.E. SHABAN AND ADEL Z. NASR 


[Sec. V.B 



81IJC(B)132; 86JHC1439]. Attempted nitrosation of the methylene group 
of l,3-thiazol-2-ylhydrazone (115) proceeded with the simultaneous for¬ 
mation (80JHC1321) of the title fused-ring system to give 116. 

Henichart el al. (85JHC1185) prepared 121 by the cyclocondensation of 
acetone thiosemicarbazone (117) and phosphonium salt 118 to form 119 
which, upon treatment with formic acid, afforded l,3-thiazolo[2,3-c] 1,2,4- 
triazole salt 121. Sasaki el al. (82JOC2757; 84CPB5040) synthesized the 
3,5-disubstituted 1,3-thiazolo[2,3-c] 1,2,4-triazoles (111) by ring transfor¬ 
mation of 2-mercapto-5-substituted-l,2,4-oxadiazoles (122) (82JOC2757 
and 2-methanesulfonyl-5-phenyl-l,3,4-oxadiazole (84CPB5040). The 
following scheme illustrates the transformation of 122 using a- 
chloroketones and ammonia. 
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2 . 1,2,4-Triazolo[3,4-a] 1,3-benzothiazoles 

Suitably functionalized phenyl isothiocyanates (e.g. 127) have been 
used as starting materials for the synthesis of this fused heterocyclic 
system; the rest of the skeleton is provided by acid hydrazides [74JOC3506 
75GEP(O)2509843; 79H1171], The intermediate 1-acy 1-4-ary lthiosemi- 
carbazides (128) and 3-mercapto-1,2,4-triazoles (129) underwent base- 
catalyzed cyclization to 1,2,4-triazolo[3,4-a] 1,3-benzothiazoles 130. 



(130) 


(129) 
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one-carbon cyclizing 
reagent 

nhnh 2 



(131) 


(132) 


The reaction of 2-hydrazino-l,3-benzothiazoles (131) with formic acid 
(80MI1; 84KGS40), acetic anhydride (57USP2786054), aromatic esters 
(59JOC1478), orthoesters [59JOC1478; 73GEP(O)2250077], carbon disul¬ 
fide (57JCS727; 58USP2861076), phenylisocyanate (59JOC1478), and phe¬ 
nyl isothiocyanate (59JOC1478) offers an unequivocal pathway for synthe¬ 
sizing 3-substituted l,2,4-triazolo[3,4-fc]l,3-benzothiazoles (132). 



Bower and Doyle (57JCS727) reported that dehydrogenative cyclization 
of hydrazones 133 derived from aromatic aldehydes and 2-hydrazino-l,3- 
benzothiazole with lead tetraacetate gave 3-aryl-1,2,4-triazolo[3,4-fe] 1,3- 
benzothiazoles (134). Reinvestigation [71JCS(C)2265], however, showed 
these products were actually the (V-acetylated hydrazides (135), which 
could be cyclized to 134 through the removal of an acetic acid by boiling 
with phenol. In addition to lead tetraacetate [71JCS(C)2265; 79JIC742], a 
wide variety of oxidizing agents have been reported to affect this cycli¬ 
zation, such as ferric chloride (64E200, 70MI1) in ethanol, bromine in 
acetic acid (70MI1), and bromine in the presence of sodium carbonate 
(72JCS(P1)1519], 
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1 ,2,4-Trizaolo[3,4-6]l ,3-benzothiazoles (134) were also obtained 
(59JOC1478) by cyclizing hydrazides 136, derived from 2-hydrazino- 
benzothiazole by boiling in phenol. Hydrazides 136 were claimed as 
intermediates in the one-step synthesis (59JOC1478) of 134 from 2-chloro- 
1,3-benzothiazole (137) and acid hydrazides. Some l,3-thiazolo[2,3-c]- 
1,2,4-triazoles and 1,2,4-triazolo[3,4-6] 1,3-benzothiazoles were found to 
exhibit insecticidal [77JAP(K)7753881, 77JAP(K)7753882], miticidal 
[77JAP(K)7753881, 77JAP(K)7753882], fungicidal [73GEP(O)2250077; 
75GEP(0)2509843; 77JAP(K)7753881, 77JAP(K)7753882], and bacterici¬ 
dal [75GEP(O)2509843] activities. 



(137) 


VI. Condensed 1,2,4-Triazolo-selenazoles 

Members of 1,2,4-triazolo-1,2-selenazoles that may be included in this 
chapter await synthesis. 


1 ,2,4-Triazolo-1 ,3-selenazoles 

There are three possible fused systems (138-140) that are related to the 
title of this chapter. Examples of compounds belonging only to system 140 
have been synthesized. 



1,3-Selen«rolo^2,3-cJ 1*2,4-triazoles (138) 
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l»3-Selenazolo ^4,3-cJ '>2,4- triazolM ( 139 ) 


1,2,4-Triazolo ^3,4-b] 1 ,3 - benzoselenazoles (140) 


1,2,4-Triazolo[3,4-b] 1,3-benzoselenazoles 

The only reported (59JOC1478) examples (142) of these compounds 
were synthesized by condensative cyclization of 2-hydrazino-l,3- 
benzoselenazole (141) with aliphatic orthoesters or esters of aromatic 
acids. 





(J40 


(142) 


VII. Condensed 1,2,4-Triazolo-triazoles 

1,2,4-Triazolo-1,2,3-triazoles relevant to the topic of this chapter have 
not been synthesized. 


I ,2,4-Tri azolo- 1 ,2,4-triazoles 

Two 1,2,4-triazole rings may be fused together to form triazolo-triazoles 
having either one or two nitrogen bridgeheads as in 143 and 144, respec¬ 
tively; the latter type is out of the scope of this chapter. Fusion of the 

1,2,4-triazole rings through a carbon and a nitrogen (i.e., with one nitrogen 
bridgehead as in 143) may take place according to the three following 
patterns (145-147). Syntheses of only the first two systems (145 and 146), 
which are pertinent to the subject of this chapter, will be reviewed. 
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1 . ] ,2,4-Triazolo[4,3-b]l,2,4-triazoles 

Condensation of the two amino functions of 3,4-diamino-l ,2,4-triazole 
derivatives (46) with one-carbon cyclizingagents, such as acetic anhydride 
(62LA148; 65JHC302) or benzoyl chloride [50JCS614; 72JCS(P1) 1319; 
74JCS(P2)997], gave the 1,2,4-triazolo[4,3-£]l ,2,4-triazoles (148 and 149). 



R Bz 

(149) 
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Cyclization of l,2,4-triazol-5-ylhydrazonyl bromides (150) by heating with 
acetic acid and sodium acetate was reported (65TL841) to give 3-aryl-6- 
phenyl-l,2,4-triazolo[4,3-fc]l,2,4-triazoles (151). On the other hand, cycli¬ 
zation of 150 in organic solvents was found [74JCS(P2)997] to depend on 
the pH of the medium; in slightly acidic media, 3-aryl-5-phenyl-l,2,4- 
triazolo[3,4-c] 1,2,4-triazoles (152) were exclusively formed, while in 
highly basic media, 3-aryl-6-phenyl-1,2,4-triazolo[4,3-6] 1,2,4-triazoles 
(151) predominated. Oxidative cyclization of aromatic aldehyde 1,2,4- 
triazolo-3-ylhydrazones (153) with lead tetraacetate gave [57JCS727; 
70TL1841; 72JCS(P 1)1319] 3-aryl-6-phenyl-1,2,4-triazolo[3 A-b] 1,2,4- 
triazoles (151) in addition to the N-acetylated hydrazides 154. 



(153) 


(154) 


Pyrolysis of 3-azido-4-benzylideneamino-5-methyl-1,2,4-triazole (157) 
afforded (65JOC711; 66JHC119) 3-methyl-6-phenyl-5H-l,2,4-triazolo[4,3- 
b] 1,2,4-triazole (158) . 3,6,7-Triamino- 1 ,2,4-triazolo[4,3-6] 1,2,4-triazoles 
(161) were prepared by double ring closure of triaminoguanidine (159) with 
two equivalents of cyanogen bromide. The reaction of 4-amino-3- 
hydrazino-1,2,4-triazoles (162) with cyanogen bromide or carbon disulfide 
gave (68JOC143) 3-amino- or 3-mercapto-l,2,4-triazolo[4,3-6] 1,2,4- 
triazoles (163), respectively. Ring closure of 3-hydrazino-5-phenyl-l,2,4- 
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062) (163) Y = NH2 or SH 


triazole (164) with cyanogen bromide in methanol at room temperature 
gave (68JOC143) 3-amino-5-phenyl-7//-1,2,4-triazolo[3,4-c]l ,2,4-triazole 
(165), while in boiling methanol, 3-amino-5-phenyl-5//-l,2,4-triazolo[4,3- 
b] 1,2,4-triazole (166) was obtained (68JOC143). 

Cyclizing 4-amino-3-methylthio-l,2,4-triazoles (167) (83S415) or 4- 
amino-2-methyl-l ,2,4-triazolo-3-thiones (169) (85H2613) with aromatic 
(83S415; 85H2613) or heterocyclic nitriles (85H2613) in the presence of 
potassium /-butoxide afforded the corresponding 1,2,4-triazolo[4,3-/?]- 
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R 

(167) 
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A 

(164) 
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N-j- 

'y%A 


V Ph 

(165) 
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(I6B) 

t-H 2 S 


ArCN/t-BuOK-l-BuOH Me, | 


V 




1,2,4-triazoles (168). These reactions did not take place with aliphatic 
nitriles. 

2. 1,2,4-Triazolo[3,4-c] 1,2,4-triazoles 


1,2,4-Triazolo[3,4-c] 1,2,4-triazoles (173) were obtained [76ACS(B)463] 
by the dehydrative cyclization of 2-substituted 3-aroylhydrazino-l,2,4- 
triazoles (172). Blocking of N-2 in 171 forces the cyclization to take place 
at the less nucleophilic N-4 to give the title compounds. 


Ar-N- 

1 


-NH.NH2 

Acylalit 




N 



Ph 3 P/CCl4 
or POCI3 



Ph Ar 


(171) 


(172) 


(173) 
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VIII. Condensed 1,2,4-Triazolo-oxadiazoIes 

None of the l,2,4-triazolo-l,2,3-oxadiazoles or l,2,4-triazolo-l,2,4- 
oxadiazoles that should be included in this review have been synthesized. 


1,2 ,4-T RIAZOLO-1,3,4-OXADI AZOLES 


The only possible fused system of this type that is pertinent to this 
review is 1,2,4-triazolo[3,4-6]l,3,4-oxadiazoles (174). 


[5- Z*}- c— 7 r T 

I. , b d 1,2,4-Triazolo 3,4-b 1,3,4-Oxadi 

N \2>H ^ 


iazoles 074) 


1,2,4-Triazolo[3,4-b] 1,3,4-oxadiazoles 

1,2,4-Triazolo[3,4-6] 1,3,4-oxadiazoles (178) have been obtained 
[71TL1729; 72JCS(P1)269], as in the following outline, through three steps 
involving the formation of the 1,3,4-oxadiazolyl hydrazidic bromides 
(177), which were then cyclized with triethylamine. Merging these reac¬ 
tions in one step was achieved by heating the tribromo-diazobutadiences 
(179) with benzoylhydrazine and three equivalents of triethylamine 
(71TL1729). Thermal dehydrogenative cyclization of the 1,3,4-oxadiazol- 




306 


MOHAMMED A.E. SHABAN AND ADEL Z. NASR 


[Sec. VIII' 


Br 

II I 

N .Cv. 


2-ylhydrazones (176) by heating in nitrobenzene also gave (71IJC901) the 
title compounds 178. 

The reaction of (V-(a-chlorobenzylidene)carbamyl chloride (180) with 
sodium azide gave (74JOC1226), among other products, 3,6-diphenyl- 
1,2,4-triazolo[3,4-b]l ,3,4-oxadiazole (182) and not the other possible prod¬ 
uct 181. The former product was unequivocally prepared (74JOC1226) by 
cyclization of 4-benzoylamino-5-chloro-3-phenyl-1,2,4-triazole (184) with 
aqueous sodium carbonate and found to be identical with that obtained by 
the previous method. 2-Hydrazino-1,3,4-oxadiazoles (185) with carboxylic 


N-N-N 



H 


(183) 


(184) 
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(187) (IBS) (186) 

acid [79IJC(B)499] or carbon disulfide [79IJC(B)499; 84MI4] afforded the 
disubstituted l,2,4-triazolo[3,4-£>]l,3,4-oxadiazoles 186 and 187. 


IX. Condensed 1,2,4-Triazolo-thiadiazoles 

Like their oxygen counterparts, no members of l,2,4-triazolo-l,2,3- 
thiadiazoles or l,2,4-triazolo-l,2,4-thiadiazoIes, which are related to this 
review, have been synthesized. 


1 ,2,4-Triazolo-1 ,3,4-thiadiazoles 


l,2,4-Triazolo[3,4-Z>]l,3,4-thiadiazoles (188) is the only system of this 
type which conforms with the topic of this chapter. 



1,2,4 -Triazolo [3,4-b J 1,3,4 - thiadiazoles (188) 


1,2,4-Triazolol3,4-b] 1,3,4-thiadiazoles 

The l,2,4-triazolo[3,4-h]l,3,4-thiadiazole ring system was first de¬ 
scribed by Kanaoka (56JPJ1133), who synthesized various 3-alkyl and 
3-aryl derivatives (191) by the dehydrative cyclization of 4-acylamine-1,2,4- 
triazole-5-thioles (190). Several similar syntheses were performed by start¬ 
ing with 4-amino-1,2,4-triazole-5-thioles (189) and constructing the thia- 
diazole ring using carboxylic acids [73JHC387; 77JHC567; 80JIC1112; 
82JIC769; 86IJC(B)566J, acetic anhydride (65JHC302), acid chlorides 
(56JPJ1113), aldehydes (69IJC959; 82JIC900), aryl isothiocyanates 
(83S411), cyanogen bromide (66JOC3528; 81JHC1353; 86JHC1439), and 
carbon disulfide (66JOC3528; 81IJC(B)369]. Cyclocondensation of thio- 
carbohydrazide (51) with two equivalents of carboxylic acids (73JHC387) 
gave 3,6-disubstituted l,2,4-triazolo[3,4-/>]l,3,4-thiadiazoles (193), while 
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0 



(192) (19,) 


with carbon disulfide and pyridine, it gave (61ACS1295), in addition 
to 4-amino-2,5-dimercapto-l,2,4-triazole (194), 3,6-dimercapto-l,2,4- 
triazolo[3,4-6] 1,3,4-thiadiazole (195). 



094) 095) 


6-Substituted-3-substituted-amino-l,2,4-triazolo[3,4-b]l,3,4-thiadia- 
zoles (198) were prepared (80MI2) by cyclocondensation of 2-mercapto-5- 
substituted-l,3,4-thiadiazoles (197) with 4-substituted thiosemicarbazides 
(196). 2-Hydrazino-l ,3,4-thiadiazoles (199) have also been used as thiadia- 
zole precursors on which the triazole ring was formed by cycloconden¬ 
sation with orthoesters (57MI2; 66JOC3528), cyangogen bromide 
(66JOC3528), carbon disulfide (66JOC3528; 86JHC1339), and aryl isothio- 
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cyanates (86JHC1339). Many of the prepared l,2,4-triazolo[3,4-6]l,3,4- 
thiadiazoles possess various biological activities such as analgesic 
[86IJC(B)566], anti-inflammatory [86IJC(B)566], fungicidal (80MI2; 



(199) (200) 


86JHC1339), antimicrobial (86JHC1339), central nervous system depres¬ 
sant (82JIC769), mild hypocholesterolemic (82J1C769), and hypotensive 
activity (82JIC769). 


X. Condensed 1,2,4-Triazolo-tetrazoles 

This fused ring system comprises only one type of compound related to 
this review, namely, 1,2,4-triazolo[4,3-</|tetrazoles (201). 

1,2,4 -Triazolo ^4,3-dJ tetrazoies (201) 



1 ,2,4-Triazolo[4,3-*/]tetrazoles 

Examples (204) were prepared by cyclization of the hydrazidoyl 
bromides 203 [65AG963; 67JCS(C)239; 68JCS(C) 1711 ]. Oxidative 
cyclization of the l-methyl-tetrazol-5-ylhydrazones (202) with lead tetra¬ 
acetate also gave [66JCS(C)1202] 204 in addition to the N-acetylated hy- 
drazides 205. 
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(- HBr) 


A J 


XI. Condensed 1,2,4-Triazolo-azines 

Belonging to this class of compounds are the four systems (206-208). 
The first member of this class, 1,2,4-triazolo[4,3-a] quinolines (207), was 
prepared as early as 1900 by Marckwald and Meyer (1900CB1885). The 
l,2,4-triazolo[4,3-a]pyridines (206) were also reported by Marckwald and 
Rudzik (03CB1111) in 1903. The last two systems, 208 and 209, were only 
obtained after 1960. Synthesis of these compounds may be achieved either 
by assembling the 1,2,4-triazole ring onto the azine nucleus or by con¬ 
structing the azine onto the 1,2,4-triazole ring. Judging from the amount of 
work published on the synthesis of this ring system, the former approach is 
much more widely used than the latter. 


1,2,4-Triazolo ^4,3-aJ pyridines (206) 


1*2,4-Triazolo £4,3-aj quinolines (207 ) 
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A. 1 ,2,4-Triazolo[4,3-«]pyridines 

Synthesis of this system according to the first approach usually utilizes 
an azine precursor having a hydrazino function on the carbon adjacent to 
the ring nitrogen. Thus, condensative cyclization of 2-hydrazinopyridines 
(210) using a variety of one-carbon cyclizing agents such as carboxylic 
acids (03CB1 111; 15JCS688; 59USP29175II; 62USP3050525; 66CB2593, 
66JOC251, 66MI1; 76FES126), carboxylic acid anhydrides (57JCS4510; 
59JOC1478; 85CPB4769), carboxylic acid esters (59JOC1478; 76FES126), 
orthoesters (59JOC1478; 66JOC25I; 80EUP17438; 81USP4244953; 
86JHC1071), acid chlorides (57JCS727; 66JOC251), cyanogen bromide 
(66CB2593,66JOC251), carbon disulfide (48JA1381; 66JOC251), phosgene 
(70CB1934; 85CPB4769), urea (59USP29I7511; 66CB2593, 66JOC251), 
isothiocyanates (59JOCI478), isocyanates (59JOC1478; 85CPB4769), eth¬ 
yl chloroformate (66JOC25I), thioimidates (76JOC3124), trithiocarbonic 
acid (23JCS312), and A-dichloromethylene benzamide (70S433) affords 
the 3-substituted l,2,4-triazolol4,3-fl]pyridines 211. 



R" 


(210) 

For example, ]-benzoyl-2-(pyrid-2-yl)hydrazine (213), obtainable 
from the reaction of 2-hydrazinopyridines (212) with benzoyl chloride 
(57JCS727; 66JOC251) or benzoic anhydride (59JOC1478), undergoes de- 
hydrative cyclization in boiling phenol (59JOC1478) or phosphoryl 
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PhCOCI/pyridine 
or (PhCO) 2 0 




( 212 ) 


chloride (57JCS727; 66JOC251) or on treatment with thionyl chloride 
(70CB1918) to give 3-phenyI-l,2,4-triazolo[4,3-a]pyridine (214). Hydra- 
zones 215 derived from aromatic aldehydes and 2-hydrazinopyridines 
have also been cyclized to the title compounds (211) by chemical and 
electrochemical oxidation as well as by thermal dehydrogenation. Thus, in 
addition to anodic oxidation (81H699) and thermal dehydrogenation 
(651JC162), chemical oxidations with lead tetraacetate (57JCS727; 


Pb(0Ac) 4 , or F*Cl3 ,or (OAcJj ,or 
Brj/AcOH-NaOAc or Bt3/Et20-Ac0H 


(215) (211) 




68BP1131590; 75JHC337), ferric chloride (651JC162), mercuric acetate 
(81CC376), bromine in acetic acid and sodium acetate (63T1587), sulfur 
(75JHC337), and boron trifluoride etherate in acetic acid (68DOK127) were 
also used to affect this cyclization. 

Reaction of arylhydrazones 216 of piperidin-2-ones with methyl chloro- 
formate, phosgene, or thiophosgene yielded (80USP4213773) the fused- 
ring system 217. Reaction of 2,2'-azopyridine (218) with diazoalkanes 
afforded [66JCS(C)78; 73LA2088] the 2-(pyrid-2-yl)-l,2,4-triazolo[4,3-a]- 



X 


(216) (217) X = 0 or S 

pyridines (219). Pyrido[2,l-c]l ,2,4-triazines (220) were reported to un¬ 
dergo transformation (68DOK127) intol,2,4-triazolo[4,3-a]pyridines (221) 
by the action of boron trifluoride etherate in acetic acid. 
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( 220 ) 


( 221 ) 


When 5-substituted tetrazoles (223) were treated with 2-chloropyridine 
(222) in the presence of pyridine or triethylamine, they gave (61CB1555; 
78ZC175) the 3-substituted l,2,4-triazolo[4,3-a]pyridines (226) through the 
3-(pyrid-2-yl)tetrazole (224) and nitrilimine (225) intermediates. 1,2,4- 
Triazolo[4,3-a]pyridine C-nucleoside (228) was obtained by cyclizing 2- 
hydrozinopyridine (212) with 2,5-anhydroaldonic acid (78MI1) or with the 
C-glycosyl thiomidate (76JOC3124) 227. 
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B. l,2,4-TRIAZOLO[4,3-a]QUINOLINES 

3-Substituted derivatives 230 were prepared by cyclizing 2-hydrazino- 
quinolines (229) with different cyclizing agents, namely, carboxyclic acids 
(1900CB1885, 1900CB1895; 57USP2786054; 73FRP2149467), phenyl 
salicylate (59JOC1478), orthoesters [59JOC1478; 72GEP(O)2203782, 



(229) (230) 


72USP3681343], isothiocyanates (1900CB1885, 1900CB1895; 59JOC1478), 
carbon disulfide (58USP2861076), and N-dichloromethylene benzamide 
(70S433). Thermal Dehydrogenative cyclization or oxidative cyclization of 
aromatic aldehyde quinol-2-ylhydrazones 231 with ferric chloride gave 
(65IJC162) the 2-aryl derivatives. 232. 



Using the approach of constructing the quinoline nucleus onto a triazole 
skeleton, 3-hydroxy methyl-1,2,4-triazolo-4-ylbenzophenone (233) was 
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<238) (237) (236) 


oxidized with manganese dioxide to the corresponding aldehyde 234 
which, on treatment with hydrazine at room temperature, gave 
(75JHC717) the l,2,4-triazolo[4,3-n]quinoline ( 237 ) and its 9,10-dehydro 
derivative 238 . Reaction of C-ethoxycarbonyl-A^-phenylhydrazidoyl 
chloride ( 240 ) with quinoline ( 239 ) in the presence of triethylamine gave 
(67TL3071) 3-ethoxycarbonyl-1 -phenyl-1,2,4-triazolo[4,3-n]quinoline 

( 241 ). 



(239) 


(240) 


(241) 
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C. 1,2, 4-Triazolo[3,4-a] ISOQUINOLINES 

Similar to the preparation of quinoline isomers 230, condensative 
cyclization of 1-hydrazinoisoquinolines (242) with carboxylic acids (66- 
JHC158; 67USP3354164; 76USP426639), carboxylic acid anhydrides 
(67USP3354I64; 70CB1960; 76USP426639), carboxylic acid esters 
(70CB1960), acid chlorides (67USP3354164; 70CB1960), phosgene 
(70CB1960), thiophosgene (70CBI960), and ammonium isothiocyanate 
(70CB1960) gave the title compounds 243. 



(242) (243) 


Dehydrative cyclization of isoquinolin-l-ylhydrazides (244) with thionyl 
chloride gave (70CB1918) 3-substituted I,2,4-triazolo[3,4-a]isoquinolines 
(246) via the 1,3,4-oxadiazoIe-S-oxides 245. Cyclization of aldehyde iso- 
quinol-l-ylhydrazones (247), thermally (65IJC162; 81KFZ44) or by oxida¬ 
tion with ferric chloride (65IJCI62), led to 248. Reaction of 1-chloroiso- 
quinoline (249) with 5-substituted tetrazoles 223 took place (70CB1918) 
according to the mechanism given for preparing 3-substituted 1,2,4- 
triazolo[4,3-a]pyridines 226 to give 250. 



(247) 


(246) 
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D. 1 ,2,4-Triazolo[4,3-£]isoquinolines 

In contrast to 1-hydrazinoisoquinolines (229), boiling 3-hydrazinoiso- 
quinoline (251) with acetic anhydride gave (78JHC463) the triacetyl deriv¬ 
ative 252 and not the triazolo[4,3-6]isoquinoline (254). Nevertheless, 254 
was obtained (78JHC463) by the dehydrative cyclization of monoacetyl 
derivative 253 with polyphosphoric acid. In contrast to the stable 1 ,2,4- 
triazolo[3,4-a]isoquinolines (208), 1,2,4-triazolo[4,3-6]isoquinolines (209) 
are unstable because of their “quinonoid” structure. 

Various 1,2,4-triazoloazines possess bactericidal (73FRP2149467), fun¬ 
gicidal (73FRP2149467), anxiolytic (81USP4244953), anti-inflammatory 
(62USP3050525; 76USP426639), antibacterial (68BP1131590), insec¬ 
ticidal [76GEP(0)2438789], anticonvulsant (59USP2917511), tranquil- 
izing (59USP2917511), analgesic (76FES126), and coronary dilating 
(67USP3354164) activities. 



(253) 


(254) 
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XII. Condensed 1,2,4-Triazolo-diazines 

A. 1 ,2,4-Triazolo-1 ,2-diazines 


Under this heading, the synthesis of l,2,4-triazolo[4,3-6]pyridazines 
(255) as well as the closely related and medicinally very important 1,2,4- 
triazolo[3,4-a]phthalazines (256), in addition to l,2,4-triazolo[4,3-6]- 
cinnolines (257), will be discussed. 



1 ,2,A-Triazolo ^4,3-bJ pyridazines (255) 


1,2,4-Triazolo [3,4-aJ phthalazines (256) 


1,2,4-Triazolo [4,3-b] cinnolines ( 257 ) 


1. 1,2,4-Triazolo[4,3-b]pyridazines 

l,2,4-Triazolo[4,3-b]pyridazines (255) were first obtained by Bulow 
(09CB2209) in 1909, yet most of the work has been published after 1950. 
Two general routes have been used: (a) starting with 4-amino-1,2,4- 
triazole (258) and forming the fused pyridazine ring and (b) starting with 
3-hydrazinopyridazine and forming the fused 1,2,4-triazole ring. Accord¬ 
ing to the first route, 4-amino-1,2,4-triazole (258) was condensed with 
various 1,3-dicarbonyl compounds (09CB2209, 09CB2595; 10CB1975; 
58BEP566543; 58ZOB2773; 59JA6289; 61USP2933388; 62BSF355; 
63USP3096329, 68T2687; 79PHA801), azo-/3-esters (45USP2390707; 
47USP2432419), /3-keto acetals [79JCS(P 1)3085], cyclic /3-keto aldehydes 
[79JCS(P1)3085], 4,4-dimethyl-2-butanone (58USP2837521), and tetra¬ 
ethyl monoorthomalonate (71JPR780) to yield the corresponding 1,2,4- 
triazolo[4,3-/?]pyridazines (e.g., 259 and 260). 

The products of this reaction, obtained using unsymmetrical 1,3- 
dicarbonyl compounds such as 4,4-dimethoxybutanone (261), may be as¬ 
signed [79JCS(P 1)3085] structure 262 or 263. Rigorous proof that the prod¬ 
uct, indeed, has structure 263 was given by Liberman and Jacquier 
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(62BSF355) who unequivocally prepared 262 by condensative cyclization 
of 3-hydrazino-6-methylpyridazine (264) with formic acid. 



The first synthesis of triazolo-pyridazines, using the route of forming the 
fused triazole ring onto a pyridazine function, was reported by 
Takahayashi (55JPP1242) in 1955 when 3-hydrazino-6-chloropyridazine 
was cyclized by reaction with ethyl formate. Since then, this route has 
been more widely used than that utilizing the 4-amino-l,2,4-triazole, 
simply because of the ready availability of 3-hydrazinopyridazines. 3- 
Hydrazinopyridazines (265) may be cyclized to the l,2,4-triazolo[4,3-fc]- 
pyridazines (266) using various one-carbon cyclizing agents such as car¬ 
boxylic acids (55JPJ1242; 56JPJ1296; 57MI1; 62ACS2389; 62BSF355; 



(264) 


(263) 
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(265) (266) 


64JHC42; 65CPB586; 68T2687; 69M671; 70CR1990; 77MI1; 81EUP29130, 
81JHC1523; 84JHC1389; 87MI4), carboxylic acid anhydrides (57MI1; 
60BP839020; 65CPB586; 78FES565; 85JHC1045), acid chlorides [58MI1; 
61MI1; 82IJC(B)317; 83FES842; 84MI1], carboxylic acid esters 
[55JPJ1242; 82IJC(B)317], orthoesters (55JPJ1242; 67CB875; 81JHC1523; 
85EUP156734, 85JHC1045; 86M867 ; 87MI4), ethyl chloroformate 
(76USP3994898; 86M867), carbon disulfide (63JCS5660; 67T387; 
78KGS1571), cyanogen chloride (63JCS5660), isothiocyanates (67JOC- 
1139; 67T387; 70CR1990; 77MI1), l-(cyanoacetyl)-3,5-dimethylpyrazole 
[78IJC(B)1000], benzylthioacetaimidates (81JHC893), methyl diethox- 
yacetate (67JOC1139), and l-carbomethoxy-2-methoxypseudo-urea 
[83GEP(0)3222342]. Some C-13 and C-14 labeled triazolo-pyridazines 
were prepared (84MI2) according to this route using suitable C-labeled 
chlorides. 

In many cases, the intermediate hydrazides269, prepared either directly 
(66T2073) from 3-hydrazinopyridanzines (267) and acid derivatives or indi¬ 
rectly [78GEP(0)2741763, 78USP4112095] from 3-halopyridazines (268) 
and acid hydrazides, were isolated and subsequently cyclized. Belonging 
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HN-Ph 



COOMe 

(270 (272) (273) 


to the route of forming the fused 1,2,4-triazole onto a pyridazine, and 
bearing a close resemblance to the utilization of hydrazinopyridazines, is 
the reaction of methyl phenylhydrazonochloroacetate (272) with pyrida¬ 
zine (271) to give (75JHC1133) the 1 ,3-disubstituted 1 ,2,4-triazolo-[4,3- 
6]pyridazine (273). 

Pyridazin-3-ylhydrazones of aromatic aldehydes (274), on oxidative cy- 
clization with bromine (66T2073; 67T387; 80ACH405; 83H749) or lead 
tetraacetate (66T2073; 68SAP6706255), gave the corresponding 3- 
substituted l,2,4-triazolo[4,3-6]pyridazines (275). Subjecting ketone 
pyridazin-3-ylhydrazones (276) to thermal cyclization may yield either or 
both of the two possible products 227 and 278. Almost always, however, 
only one product is obtained [76JCS(P1)1363] that retains the smaller of 
the two groups of the original ketone; the larger group is eliminated as the 
corresponding hydrocarbon. 



R r' 


(276) (277) (278) 

In carrying out such a dehydrogenative cyclization on alkyl hydrazones 
280 derived from 6-hydrazinotetrazolo[ 1,5-6]pyridazine (279) using lead 
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tetraacetate, it was interesting to find (70JOC1138) that the fused 1,2,4- 
triazole ring was formed with concomitant opening of the tetrazole ring to 
an azido function to yield 3-alkyl-6-azido-l,2,4-triazolo[4,3-£>]pyridazines 
(281, R = alkyl). Cyclization of 279 with cyanogen bromide also led 
(68JHC351) to opening of the tetrazole ring, giving 3-amino-6-azido-1,2,4- 
triazolo[4,3-fc]pyridazine (281, R = NH 2 ). 

2. 1,2,4-Triazolo[3,4-a]phthalazines 

1,2,4-Triazolo[3,4-a]phthalazines (256) were first obtained by Hartmann 
and Druey (49USP2484029) in 1949. The most widely used method usually 
depends on 1-hydrazinophthalazines (282) as the starting material and 
formation of the fused 1,2,4-triazole ring. Thus, condensative cyclization 
of 282 with various one-carbon cyclizing agents such as carboxylic acids 
[49USP484029; 51HCA195; 69JOC3221; 78JAP(K)7821197; 87MI5], car¬ 
boxylic acid anhydrides (75JOC2901), acid chlorides (49USP2484029; 



R R 


U82) (203) 

5IHCA195; 54BP711756; 58BAP227; 75JOC2901; 87JHC667), carboxylic 
acid esters (75JOC2901), orthoesters (69JOC3221; 75JOC2901), cyanogen 
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bromide (69JOC3221), carbon disulfide (69JOC3221), urea (69JOC3221), 
ethyl chloroformate (51HCA195), phthalaldehydic acid (81JHC1625), 1,3- 
dicarbonyl compounds (82PHA451; 83JHC1231; 87H1177), aroyl (acyl) 
pyruvate (83JHC1231; 87H1177), isothiocyanates (81JHC499), substituted 
nitriles [75JOC2901; 78JAP(K)7821197; 87JHC667], and 2-methyl-2- 
thiopseudourea (78JHC311) gave a wide variety of 3-substituted 1,2,4- 
triazolo[3,4-a]phthalazine (283). 

Double ring closure occurred when 1,4-dihydrazinophthalazine (284) 
was cyclized with cyanogen bromide or triethyl orthoformate to give 
(69JOC3221) 1,2,4-triazolo[3,4-a]l,2,4-triazolo[4,3-c]phthalazines (285). 
Double ring closure failed, however, when cyclization of 284 was made 
with formic acid (59JOC1205) or ethyl acetoacetate (56GEP951992); only 
one ring closure took place to give 286. 



Dehydrogenative cyclization of aldehyde phthalazin-l-ylhydrazones 
(287) afforded [51HCA195; 82MI2; 83JAP(K)58124786] the corresponding 
l,2,4-triazolo[3,4-tf]phthalazines (288). A one-pot synthesis of 3-aryl-l,2, 
4-triazolo[3,4-a]phthalazines (290) was made (84S602) by the oxidation of 
o-phthalaldehyde bis(aroylhydrazones) (289) with lead tetraacetate. 
6-Hydrazino-l ,2,4-triazolo[3,4-a]phthalazine (292) was obtained (56GEP- 
951993) upon heating a mixture of l-amino-3-iminoisoindolenine (291), 
hydrazine hydrate, and formic acid in DMF. 
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HNNH 2 

(291) (292) 


When 1-hydrazinophthalazine (294) was allowed to react with 
3,4,6-tri-0-benzoyl-2,5-anhydroaldonic acid (293), it gave (78MI1) the 
l,2,4-triazolo[3,4-a]phthalazine C-nucleoside 295. 3-(Alditol-l-yl)-l,2,4- 



BzO OBz BzO OBz 


(293) 


(295) 
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triazolo[3,4-a]phthalazines (301) were synthesized through two different 
routes: (a) catalytic dehydrogenative cyclization of aldehydo-sugar 
phthalazinyl hydrazones (81 Mil; 83MI2, 83MI3) (297) and (b) auto- 
dehydrative cyclization of aldonic acid phthalazinyl hydrazides (300) 
(89UP1). 



(298) (299) (300) 


3. 1,2,4-Triazolo[4,3-b]cinnolines 

Cyclization of 3-hydrazino-5,6,7,8-tetrahydrocinnoline (302) with car¬ 
boxylic acid, urea, cyanogen bromide, and carbon disulfide gave 
(71BSF3043) the corresponding 3-substituted 6,7,8,9-tetrahydro-l ,2,4- 
triazolo[4,3-6]cinnoIines (303). The same products (303) were also ob¬ 
tained [79JCS(P1)3085], together with the 1,2,4-triazolo-phthalazines 
(306), by the reaction of 2-hydroxymethylenecyclohexanone (304) with 
4-amino-1,2,4-triazoles (305). Compounds of this class were found to 
possess multifarious activities such as antihistaminic (81EUP29130, 
81USP4293554), hypotensive (76USP3994898; 77MI1; 78USP4112095), 
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(304) (305) (306) 

anti-inflammatory [76USP3994898; 78JAP(K)7821197], antimicrobial 
[73GEP(0)2161586; 75GEP(0)2418435], inotropic (83H749; 87PHA304], 
anthelmintic [83GEP(0)3222342], anxiolytic [78GEP(0)2741763; 79MI1; 
81USP4260756], benzodiazepine tranquilizing antagonist (85EUP156734), 
and mild central nervous system stimulants (79PHA801). 


B. 1,2,4-Triazolo-1,3-diazines 

The title compounds include five fused-ring systems (307-311) within 
the scope of this chapter. 
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1. 1,2,4-Triazolo[4,3-aJpyrimidines 

Construction of the pyrimidine ring of l,2,4-triazolo[4,3-a]pyrimidines 
has been achieved by condensing 3-amino-1,2,4-triazoles with 1,3- 
dicarbonyl compounds (57JCS727; 60JOC361; 62BSF355), propiolate es¬ 
ters (70CB3266; 71CB2702), acrylate esters (53CB1401; 71CB3961), and 
alkoxyacrolines (83S44). The reaction of 3-amino-1,2,4-triazoles (312) 
with /3-ketoesters may yield the following possible isomeric products 313- 
316. Yet, only one product of these isomers will be obtained depending on 
the substitutent on the 3-amino-1,2,4-triazole (312). Thus, changing the 
substitutent to phenyl from hydrogen, methyl, or methylmercapto, 
changes (09CB4638; 52MI1; 57JCS727; 58BEP566543; 59JOC787; 
60JCS1829, 60JOC361, 60YZ(79)899; 61USP2933388; 87T2497] the prod¬ 
uct from l,2,4-triazolo[l,5-a]pyrimidin-5-ones (314) to l,2,4-triazolo[4,3- 
a]pyrimidin-7-ones (315). Ultraviolet absorption spectrometry has been 



(315) 


(316) 
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used (59JOC779) to differentiate between the four possible isomers 313- 
316, but 13 C-NMR spectra gave (87T2497) the unequivocal proof of these 
structures. 

Reiter and his group (88JHC173) have used Schiff bases (e.g. 317) 
derived from 1-substituted 5-amino-3-methylthio-1,2,4-triazoles as pre¬ 
cursors for the synthesis of the title compounds through their reaction with 
phenoxyacetyl chloride in the presence of triethylamine or with a mixture 
of dichloroacetic acid and phosphoryl chloride in DMF to give 318 and 319, 
respectively. 1,2,4-Triazolo[4,3-fl]pyrimidines (321) were also synthesized 
from 2-hydrazinopyrimidines (320) by condensation with carboxylic acids 
[57JCS727; 59JAP3326, 59JOC787, 59JOC793, 59YZ(79)899, 

59YZ(79)1487; 60YZ(80)956; 62BSF355, 62FRPP1308696; 70CB3266; 
71CB2702, 71ZC422; 86JPR237], orthoesters [57JCS727; 59JOC779, 
59JOC787, 59JOC793, 59YZ903, 59YZ(79)1482, 59YZ(79)1487; 

60JCS1829, 60JOC361, 60YZ(80)952; 68T2839; 81AJC2635; 85CPB3113; 
86JPR237; 87JOC2220], acetic anhydride (68ZC421), carbon disulfide 
(57JCS727; 58JAP8072; 60JCSI829, 60JOC361; 68T2839), phenyl isothio¬ 
cyanate (59JOC787, 60JOC361), and ethyl imidates [67JCS(C)498], 



(320) 


(321) 
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The direction of cyclization of the unsymmetrical 2-hydrazino-4- 
hydroxy-6-methylpyrimidine (322) seems to be affected by the acidity as 
well as the nature of the cyclizing agent (59JOC787). Thus, with nonacidic 
formylating agents such as triethyl orthoformate, 322 gave (59JOC779, 
59JOC787, 59JOC793; 86JPR237) the two isomeric 1,2,4-triazolo[4,3- 
a]pyrimidines 323 and 324. Cyclization with formic acid, however, gave 
(59JOC787, 59JOC793) 323 only. 



(323) 


Hydrazones of symmetrically disubstituted pyrimidin-2-ylhydrazines 
(57JCS727; 77CPB3137) (e.g. 325) or l-N-substituted pyrimidin-2- 
ylhydrazones [67JCS(C)498] undergo dehydrogentative cyclization photo- 
chemically (77CPB3137) or chemically with lead tetraacetate [57JCS727; 
67JCS(C)498; 77CPB3137] to give l,2,4-triazolo[4,3-<j]pyrimidines (326). 
On the other hand, hydrazones (e.g. 327) of the unsymmetrically disubsti¬ 
tuted pyrimidine-2-ylhydrazines may theoretically yield either or both of 
the two possible products 328 and 329. Bower and Doyle (57JCS727) 
reported that the dehydrogenative cyclization of benzaldehyde (4- 
hydroxy-6-methylpyrimidin-2-yl)hydrazone (327) with lead tetraace¬ 
tate gave 3-phenyl-7-methyl-l,2,4-triazolo[4,3-a]pyrimidin-5-one (328), 
whereas Allen et al. (60JOC361) claimed that this product is 3-phenyl-5- 
methyl-l,2,4-triazolo[4,3-a]pyrimidin-7-one (329) and rationalized this 
conclusion on the basis that the same product was obtained from the 
reaction of 5-amino-3-phenyl-l,2,4-triazole (330) with ethyl acetoacetate 
(60JOC361). Obviously, this rationale is irrelevant since the last reaction 
may also yield either of the two structures. 

2-Ethylmercaptopyrimidine derviative 331 was used as a starting mate¬ 
rial to obtain the 2-acylhydrazinopyrimidines (332) which underwent dehy- 
drative cyclization in boiling phenol (59JOC793; 60JOC361) to 1,2,4- 
triazolo[4,3-a]pyrimidines 313 or 315, depending on the acyl group of the 
acid hydrazide. Differentiation between the two structures has been 
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(313) R = Me or (CH 2 ) 2 OH (315) R = Ph 


achieved through comprehensive study of their ultraviolet absorption 
spectra (60JOC361). 

Krenzel (86H93, 86KGS1350; 87JPR331) prepared the 3-oxo-2,3,5,6,7,- 
8-hexahydro-l,2,4-triazolo[4,3-a]pyrimidines (337) by reacting 1-ethoxy- 
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carbonyl-2-methylthio-l,4,5,6-tetrahydropyrimidine (333) with hydrazine 
or aryl hydrazines according to the following scheme. Bitha et al. 
(87JOC2220) reported that pyrimidino[ 1 ,2-a] 1 ,2,4,5-tetrazin-6-ones (339) 
undergo acid-catalyzed ring contraction to yield the I,2,4-triazolo[4,3- 
a]pyrimidin-7-ones (342). The latter were also obtained directly by cycliz- 
ing the corresponding 2-hydrazinopyrimidin-4-ones (338) with orthoesters. 



(335) (336)- (337) 



(339) 


(340) 


(341) 
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2. 1,2,4-Triazolo[4,3-c]pyrimidines 

The procedure of forming the pyrimidine ring of this system was used in 
the reaction of l,3-diamino-4,6-bis(5-phenyl-l,2,4-triazol-3-yl)benzene 
(343) with benzoyl chloride to give (76MI1) benzo[bis(l,2,4-triazolopyri- 
midine)] 344 through cyclization of the intermediate di-N-benzoyl deriv¬ 
ative. A variety of substituted l,2,4-triazolo[4,3-c]pyrimidines (346) were 
synthesized by cyclocondensation of 4-hydrazinopyrimidines (345) with 
carboxylic acids (56PJ804; 60G1821), acetic anhydride (87MI6), 1,1- 
diethoxyethyl acetate (8IUSP4269980), orthoesters (83EUP121341; 
85USP4532242; 87MI7), acid chlorides (70CB3278), cyanogen chloride 
(62BP898408; 63JCS5642), ethyl chloroformate (65JCS3357), carbon disul¬ 
fide (65JCS3369; 82AJC1263), and diethyl oxalate (87MI6). 



3. 1,2,4-Triazolo[4,3-a.Jquinazolines 

The quinazoline ring of 1 ,2,4-triazolo[4,3-n]quinazoline 348 was formed 
(62TL1193) by the dehydrative cyclization of 3-benzoylamino- 
4,5-diphenyl-1,2,4-triazole (347). Alternatively, 1,2,4-triazolo[4,3-a]- 
quinazolines were prepared by assembling the fused 1,2,4-triazole ring 
onto the quinazoline nucleus when 2-hydrazinoquinazolines (e.g. 349) 
were cyclized with formic acid or acetic anhydride to give (86JHC833) 
angular l,2,4-triazolo[4,3-<j]quinazolinones 350 in addition to linear 1,2,4- 
triazolo[3,4-6]quinazolinones 351. 
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(349) (350) R = H or Me (351 ) 


An unambiguous synthesis which leads to l,2,4-triazolo|4,3-a]- 
quinazolines only (e.g. 353) involves the cyclization of 3-substituted-2- 
hydrazinoquinazolines (e.g. 352) with one-carbon cyclizing reagents 
such as carboxylic acids [80PHA800; 83GEP(D)I58549; 83PHA25], acid 
chlorides (83EUP76199, 83PHA25), orthoesters [80GEP(D) 139715; 



052) (353) 


86JCR(S)232, 86JHC833], cyanogen bromide (83PHA25), carbon disulfide 
(78PHA124), ethyl chloroformate (78PHA125), dicarboxylic esters 
(83PHA25), urea (80PHA800; 83PHA25), phosgene (83PHA25), thiophos- 
gene (83PHA25), isocyanates (80PHA800), isothiocyanates (80PHA800), 
and 1,1-dicarbonyldiimidazole (86JHC833). Oxidative cyclization of quin- 
azolin-4-on-2-ylhydrazones 354 with ferric chloride gave (86JHC833) 
angular l,2,4-triazolo[4,3-a]quinazolinones 356 and not linear 1,2,4- 
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(357) (358) 

triazolo[3,4-6]quinazolinones 355. The evidence concerning (86JHC833) 
the structure 356 was provided by preparing the compounds’ ethyl deriv¬ 
atives 358, which were also obtained directly from 3-ethyl-2-hydrazino- 
quinazolin-4-one (357). 


4. 1,2,4-Triazolo[3,4-b]quinazolines 

An attempt to prepare substituted l,2,4-triazoloquinazolin-5-one 359 
and/or 360 by cyclizing 2-hydrazinoquinazolin-4-one (349) with benzoyl 
chloride in DMF obtained, interestingly enough, (86JHC833) unsubsti¬ 
tuted l,2,4-triazolo[3,4-6]quinazolin-5-one 362 as a result of the for- 
mylating effect of the DMF in the presence of acid chlorides (Vilsmeier 
reagent). Assignment of linear structure 362 and not the alternative angular 
structure, 361, to the product was based (86JHC833) on the fact that its 
ethylation product, 363, was different from angular ethylated product 364, 
obtained by direct cyclization of 3-ethyl-2-hydrazinoquinazoline-4-one 
(357). 
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5. 1,2,4-Triazolo[4,3-c]quinazolines 

Condensative cyclization of 3-(pyrid-2-yl)-5-(2-aminophenyl)-1,2,4- 
triazole (365) with benzoic acid, in the presence of polyphosphoric acid, or 
with benzoyl chloride, followed by thermal cyclization of intermediate 366 
gave (72JHC131) 5-phenyl-3-(pyrid-2-yl)-l,2,4-triazolo[4,3-c]quinazoline 
(367). Cyclization of 4-hydrazinoquinazolines (368) with formic acid 
(81PHA62), acetic anhydride (81PHA62), carbon disulfide (63N732), 
and orthoesters (77USP4053600) also gave the 1,2,4-triazolo[4,3-c]- 
quinazolines (369). Aldehyde quinazolin-4-ylhydrazones (370) and quin- 
azolin-4-ylhydrazides (371) have been used as starting materials to obtain 
(63N732; 89UP2, 89UP3) 3-substituted l,2,4-triazolo[4,3-c]quinazolines 
372. 4-Chloroquinazoline (373) reacted with 5-substituted tetrazoles (223) 
in pyridine to afford (61CB1555) 3-substituted l,2,4-triazolo[4,3- 
c]quinazolines (372). 
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(373) (j!23) (372) 


Many 1,2,4-triazolopyrimidines and 1,2,4-triazoloquinazolines are use¬ 
ful in various applications such as antihistaminics (83EUP76199), acari- 
cidals (77GEP(O)2533120], insecticidals [77GEP(O)2533120], nematocidals 
[77GEP(O)2533120], analgesics [74GEP(O)2508333; 84IJC(B)1293], tran¬ 
quilizers [77USP4053600), anti-inflammatory agents [73GEP(0) 2261095; 
74GEP(O)2508333; 77USP4053600], antihypertensives [73GEP(O)2261095], 
antagonists for nucleic acid metabolism (58JPA8072; 59JPA3326), inhibitors 
of passive cutaneous anaphylaxis [80GEP(D)139715; 83GEP(D) 158549), 
granulomata (62BP898408), and in the treatment of rheumatoid arthritis 
(62BP898408). 


C. 1,2,4-Triazolo-1,4-diazines 

Under this title, the synthesis of the following two ring systems 374 and 
375, will be discussed. 



1. 1,2,4-Triazolo[4,3-a]pyrazines 

Cyclization of 2-hydrazinopyrazines (376) with one-carbon cycliz- 
ing reagents such as formic acid (62JOC3243), benzoyl chloride (62JOC- 
3243), orthoesters [62JOC3243; 69JCS(C)1593; 79JOC1028; 81AJC2635], 
ethyl chloroformate [66JCS(C)2038; 69BP1146770], carbon disulfide 
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Ph 



(378) 


(380) 



Hj N-NHCOAr 


Phenol/sodium phenolat? 
-HCI,-H20 


Ph 

(379) 


(69JCS(C) 1593; 81AJC2635], urea [66JCS(C)2038], phenylisothiocyanate 
(62JOC3243), phosgene [66JCS(C)2038; 69JCS(C)1593; 79JOC1028], halo- 
nitriles [66JCS(C)2038; 69BP1146770, 69JCS(C)1593], diethoxymethyl 
acetate (77JOC4197; 83USP4402958), and thioacetamidates (79JOC1028; 
84JMC924 ; 86MU) gave the title compounds (377). 3-Aryl-l,2,4-triazolo- 
[4,3-a]pyrazine (380) was obtained (62JOC3243) by cyclizing 1-aroyl- 
2-(pyrazin-2-yl) hydrazines (378) with phosphoryl chloride. Hydrazides 
378 were also intermediates in the one-step synthesis (62JOC3243), using 
2-chloropyrazine (379) and aroylhydrazines. 

Aromatic aldehyde pyrazin-2-ylhydrazones (e.g. 381) undergo 
(83USP4402958) dehydrogenative cyclization with lead tetra-acetate 
to yield the corresponding l,2,4-triazolo[4,3-a]pyrazines (e.g. 382). Fu¬ 
sion of a triazole ring to a pyrazine has also been accomplished by the 
reaction (75JHC1133) of methyl phenylhydrazonochloroacetate (272) with 
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COOMe 


(383) (272) (384) 

pyrazine (383) in the presence of triethylamine to give I-phenyl-3-meth- 
oxycarbonyl-1,2,4-triazolo[4,3-tf]pyrazine (384). 

2. l,2,4-Triazolo[4,3-a.]quinoxalines 

Cyclization of 3-substituted 2-hydrazinoquinoxalines 385 with car¬ 
boxylic acids (60AJ4044), acid chlorides (60JA4044), carboxylic an¬ 
hydrides (60JA4044; 76GEP(0)2515494], orthoesters (78ZC92; 85H2025), 



(385) (386) 

dicarboxylic esters (77PHA687), ethyl acetoacetate (60JA4044), pyruvic 
acid (60JA4044), ethyl chloroformate (60JA4044 ; 77PHA687), carbon di¬ 
sulfide (77PHA687), phenyl cyanate (77PHA687), and 2-methyl-2- 
thiopseudourea (78JHC311) gave 3,10-disubstituted l,2,4-triazolo[4,3- 
alquinoxalines 386. l,2,4-Triazolo[4,3-a]l,2,4-triazolo[3,4-c]quinoxalines 
389 were obtained either by double ring closure of 2,3-dihydrazinoquinox- 
aline (387) with orthoesters (68ZC302) or by single ring closure of 10- 




hydrazino-l,2,4-triazolo[4,3-a]quinoxalines (388) using triethyl orthofor¬ 
mate (78ZC92), ethyl chloroformate (85ZC366), and carbon dilsulfide 
(85ZC366). 

Thermal cyclization of aldehyde quinoxalin-2-yl-hydrazones (390) gave 
(60JA4044) corresponding l,2,4-triazolo[4,3-a]quinoxalines 391. Ketone 
quinoxalin-2-ylhydrazones (392), however, yield (60JA4044) either 391 or 
393, whichever carries the smaller of the two groups of original ketone; the 
larger group will be eliminated as the corresponding hydrocarbon. 
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The reaction of 2-chloroquinoxalines (394) with acid hydrazides led 
directly (60JA4044) to 1,2,4-triazolo[4,3-a]quinoxalines 386 without isolat¬ 
ing the corresponding intermediate hydrazides. 4-Chloro-l,2,3,4- 
tetrazolo[ 1,5-a]quinoxaline (395) was reported (78ZC175) to react with 
5-substituted tetrazoles (223) in the presence of triethylamine to give 
l,2,4-triazolo[4,3-a]tetrazolo[5,l-c]quinoxalines 3%. Members of this 
class of compounds were found to possess fungicidal (85H2025), virustatic 
(77PHA687), antiallergic (85JMC363), antiviral (84JMC924; 86MI1), 
anxiolytic (83USP4402958), coronary vasodilating (84JMC924), and 
bronchodilating properties (73MI2) along with inhibition of passive cu¬ 
taneous anaphylaxis (81EUP39920) and selective adenosine antagon¬ 
ist (88JMC1011) activities. 



XIII. Condensed 1,2,4-Triazolo-oxazines 

Syntheses of relevant l,2,4-triazolo-l,2-oxazines have not appeared. 

A. 1,2,4-Triazolo-1,3-oxazines 

Of the four theoretically possible modes of fusing the two heterocyclic 
rings of this system (397-400), only two were synthesized (397 and 399) 
and will be reviewed. 
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1,2,4-Triazolo |^3,4-b] 1,3-oxazines (397) 




1,2,4-Triazolo ^4,3-c J 1,3-oxazines (396) 



1,2,4-Triazolo ^3,4-bJ 


1,3-benzoxazines (399) 



1,2,4-Triazolo f4,3-cj 1,3-benzoxazines ( 400 ) 


1. 1,2,4-Triazolo[4,3-b]l ,3-oxazines 

Sasaki et al. (84CPB5040) synthesized an example of this group by the 
thermal cyclization of 1-benzoyl-2-(4,5,6-trihydro-1,3-oxazin-2-yl)hydra- 
zine (401) to give 3-pheny]-5,6,7-trihydro-1,2,4-triazolo[3 ,4-b] 1,3-oxazine 
(402). 



(401) 



2. 1,2,4-Triazolo[3,4-b] 1,3-benzoxazines 

1,3-Dipolar cycloaddition of the /V-aryl-C-phenylnitrilimines (404) 
with 1,3-benzoxazines 403 gave [86JCR(S)200] l,2,4-triazolo[3,4-/>]l,3- 
benzoxazines 405. 
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B. 1,2,4-Triazolo-1,4-oxazines 

In this class of fused compounds, the two possible ring systems, 406 and 
407, are within the scope of this chapter. 

l,2 t 4-Triazolo JjJ,4-c J t»4 -oxazines (406) 

1,2,4-Triazolo [^3,4-cJ 1 f 4-benzoxazines (407) 

1. 1,2,4-Triazolo[3,4-c]1,4-oxazines 

Dehydrative cyclization of l-acyl-3-(2,5,6-trihydro-l,4-oxazin-3-yl) 
hydrazines (408) led [81IJC(B)132] to the formation of the 3-substituted 
5,6,8-trihydro-l ,2,4-triazolo[3,4-c]l ,4-oxazines (409). 




(408) 


(409) 
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2. 1,2,4-Triazolo[3,4-c] 1,4-benzoxazines 

Reactive chlorines of 3-chloro-l,4-benzoaxazin-2-ones (81UPS4276292; 
85H871) and 3-chloro-l,4-benzoxazin-2-thiones (81USP4276292), or the 
thiol group of 1,4-benzoxazin-3-thiones (410), (75USP3929783) condense 
with acid hydrazides to give corresponding l,2,4-triazolo[3,4-c]l,4- 
benzoxazines 411. Thermal cyclization of l-(l,4-benzoxazin-3-yl)-2- 
ethoxycarbohydrazine (412) led (85USP4547499) to the elimination of 
an ethanol molecule along with the formation of l,2,4-triazolo[3,4-c]- 
l,4-benzoxazin-3-one (413). Few reports documented antiallergic 
(81USP4276292; 85H871; 85USP454799), antianxiety (75USP3929783), or 
anti-inflammatory [81 IJC(B) 132] activities. 



J— 

o 


(412) (£>3) 


XIV. Condensed 1,2,4-Triazolo-thiazines 

l,2,4-Triazolo-l,2-thiazines have not been synthesized. 

A. 1,2,4-Triazolo-1,3-thiazines 

Of the four possible ring systems, 414-417, pertaining to this chapter, 
the synthesis of only 414 and 417 has been reported. 
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1. 1,2,4-Triazolo[3,4-b] 1,3-thiazines 

Reaction of 3-chloropropyl isothiocyanate (418) with acid hydrazides in 
the presence of triethylamine gave (79H1171) 3-substituted 5,6,7-trihydro- 

1.2.4- triazolo[3,4-b]l,3-thiazines 419. Cyclization of cinnamyltriazol- 
ethiones 420 with HBr afforded (83M14) the 3,7-disubstituted 5,6-dihydro- 

1.2.4- triazolo[3,4-6] 1,3-thiazines (421) in addition to rearranged isomeric 
products 422. 



R R 


(420) 


(421) 


(422) 
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2. 1,2,4-Triazolo[4,3-c] 1,3-benzothiazines 

Cycloaddition of 1,3-benzothiazines (423) to hydrazonyl halides 424 led 
(84H537) to the formation of examples (425) of the title compounds. 



(423) (4^4) 


B. 1,2,4-Triazolo-1,4-thiazines 

Of the possible condensed systems, 426 and 427, only system 427 has 
been synthesized. 


N , 3 2N 

lL_il 


1*2,4 -Triazolo 


[3,4-cJ 1,4-Ihiazines (426) 



1,2,4-Triazolo ^3,4-cJ 1,4- benzothiazines (427) 


1,2,4-Triazolo[3,4-c]l ,4-benzothiazines 

Reactions of 1,4-benzothiazin-3-thione (75USP3929783) or 3-chloro-1,4- 
benzothiazin-2-ones (428) (85H871) with acid hydrazide gave 429. Some of 



(426) 


(429) 
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these compounds showed anxiolytic (75USP3929783) and antiallergic 
(85H871) activities. 


XV. Condensed 1,2,4-Triazolo-triazines 


A. 1,2,4-Triazolo-1,2,3-triazines 

Belonging to this class are ring systems 430 and 431. Synthesis of system 
431 only has been reported. 



1,2,4-Triazolo 




1,2,3-triazines ( 4 30 ) 


1,2,4-Triazolo jj»,3-cj 1,2,3-benzotriazines ( 431 ) 


1,2,4-Triazolo[4,3-c]l ,2,3-benzotriazines 


Cyclization of 4-hydrazino-l ,2,3-benzotriazine (432) with triethyl ortho¬ 
formate gave (70JOC3448) l,2,4-triazolo[4,3-c]l,2,3-benzotriazine 433. 
Compound 433 has also been synthesized (70JOC3448) by cyclizing 3-(2- 
aminophenyl)-1,2,4-triazole (434) with nitrous acid. 



(434) 
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B. 1 ,2,4-Triazolo-1 ,2,4-triazines 


Under this heading, the synthesis of the five isomeric 1,2,4-triazolo- 
1,2,4-triazines, 435-439, having nitrogen bridgeheads will be reviewed. 



The first (435) was prepared as early as 1934 by Stolle and Dietrich 
(34JPR139), while the last four (436-439) were only obtained after 1960. 


1. 1,2,4-Triazolo[4,3-b]1,2,4-triazines 

The first example 3-aminonaphtho[l,2-e]l,2,4-triazolo[4,3-6]l,2,4-tria- 
zine (442) was synthesized by Stolle and Dietrich (34JPR193) in the reac¬ 
tion of 2-aminonaphthalene (440) with 3,5-dichloroimino-3,5-dihydro-l,2, 
4-triazole (441). Extensively studied was the cyclization of 3,4-diamino- 
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1,2,4-triazoles (46) with a wide variety of two-carbon cyclizing reagents 
such as 1,2-dicarbonyl compounds [50JCS614, 50JCS1579; 52JCS4817; 
54JA619; 55MI1; 73MI1; 76JCS(P1)1492; 77JOC1018; 79JHC1393], a-ke- 
toacids (70JOC3448; 83MI4; 84H537), a-ketocarboxylate (64BEP642615, 
64FRP1379480) dicarboxylic esters (70AP650), and ethyl diethoxyacetate 
(64BEP642615) to give l,2,4-triazolo[4,3-6]l,2,4-triazines 443. 

R 

R ’- c *° h 2 n -n^n 

> + I_I 

R^O H 2 N>= N 

(46) (443) 



3-Hydrazino-l,2,4-triazines (444) were used as starting materials 
for synthesizing this ring system by condensation with the common 
one-carbon cyclizing reagents, namely, carboxylic acids [55MI1; 64CB- 
2647, 64FRP1379480; 68CB3969; 72JCS(P1)1221; 79JHC1393; 83MIP1; 
86JHC721; 89UP3), benzoyl chloride (55MI1; 60MU), acetic anhydride 
(55MI1; 60MI1), orthoesters [68CCC2513; 69BSF2492; 72JCS(P1)1221; 
76JCS(P1)1492; 79JHC1393], carbon disulfide (64BEP642615; 83MI4), 
cyanogen bromide [76JCS(P1)1492 ; 79JHC1393; 81JHC1353], urea 
[64CB2179; 76JCS(P1)1492], and formamide (60MI1). That the products of 
this reaction possessed structure 443 and not the alternative isomeric 
structure 445 was proved by direct comparison with the corresponding 
structure 443, unequivocally prepared [64BEP642615, 64FRP1379480, 
69BSF2492; 76JCS(P1)1492; 79JHC1393] from 3,4-diamino-l,2,4-triazoles 
(46). In some cases, however, the structures of the cyclization products 
were not decisively assigned. Thus, the products obtained from cycli¬ 
zation of 3-hydrazino-l,2,4-triazino[5,6-6]indoles (446) were claimed by 
some investigators (7IZOR173; 87JHC1435; 89UP4) to be the linear 
4',3':2,3]-l,2,4-triazino[5,6-6]indoles 447 or the angular [3',4':3,4]-l,2,4- 
triazino[5,6-6]indoles 448 (87AP1191,87API 196; 88MI1). 
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(447) (448) 


3-Acylhydrazino-l,2,4-triazines 450, obtained from 3-methylmercapto- 
1,2,4-triazines (449) and acid hydrazides, were also reported (64BEP- 
642615 ; 69BSF2492) to undergo dehydrative cyclization to 1,2,4-triazolo- 
[4,3-fc]l,2,4-triazines 443. 


R 



(449) (450) (443) 


2. 1,2,4-Triazolo[3,4-c] 1,2,4-triazines 

Cyclocondensation of 3-hydrazino-1,2,4-triazoles (451) with 1,2- 
dicarbonyl compounds may involve either N-2 or N-4 of the triazole ring, 
according to the reaction conditions, to give (77JOC1018) either the 
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l,2,4-triazolo[3,4-c]l,2,4-triazines (452) or the l,2,4-triazolo[5,l-c]l,2,4- 
triazines (455). Assignment of structure 452 to the product obtained under 
controlled conditions was possible (77JOC1018) when it was isomerized to 
455. The latter was also obtained (77JOC1018) by cyclization of 1- 
acetonyl-3-chloro-l,2,4-triazoles (453) with hydrazine followed by lead 
tetraacetate. Daunis et al. (69BSF2492) reported that ring closure of 5- 
hydroxy-3-hydrazino-l,2,4-triazines (456) with ethyl formate took place 
with the formation of the two possible isomeric structures 1,2,4- 
triazolo[4,3-c]l,2,4-triazines (457) and l,2,4-triazolo[3,4-6]l,2,4-triazines 
(458). Sasaki and Ito (81JHC1353), however, noted that ring closure of 456 
with cyanogen bromide gave only 459. 


h?nnh 



(459) 
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As expected, cyclocondensation of 3-hydrazino-l,2,4-triazines, having 
their N-2 blocked (e.g. 460 ), gave (64CB2185) the only possible product, 
namely, l,2,4-triazolo[3,4-c]l,2,4-triazines ( 461 ). 


Me, 

0- 




rcoor’ 

or RC(0R') 3 


(460) 



(461) 


3. 1,2,4-Triazolo[3,4-c] 1,2,4-benzotriazines 

l,2,4-Triazolo[3,4-c]l,2,4-benzotriazines ( 463 ) were prepared by cycli- 
zation of 3-hydrazino-l,2,4-benzotriazines ( 462 ) with carboxylic acids 
(69CB3818), ortho esters (80MI3), carbon disulfide (69CB3818), and phe¬ 
nyl isothiocyanate (80MI3). 



4. 1,2,4-Triazolo[4,3-d]l ,2,4-triazines 

The title compounds have been prepared by cyclization of 5-hydrazino- 

1,2,4-triazines (67CB3467; 68CB2747; 70BSF1606; 71RRC311; 74MIP1; 
81JHC1353; 82JHC1345) (e.g. 464 ) with carboxylic acids (67CB3467; 
68CB2747; 70BSF1606; 71RRC311; 74MIP1), orthoesters (82JHC1345), 
carbon disulfide (67CB3467), and cyanogen bromide (81JHC1353) and by 
the reaction (68CB2747) of 3-mercapto-l,2,4-triazine (e.g. 465 ) with acid 
hydrazides followed by dehydrative cyclization of intermediate hydra- 
zides 466 with polyphosphoric acid. 

The two nitrogen bridgeheads of the bis(l,2,4-triazolo)-l,2,4-triazines 
472 were concomitantly formed by double ring closure of 3,5-dihydrazino- 

1,2,4-triazines (69BSF3670) ( 468 ) with carboxylic acids or by a single ring 
closure of either 7-hydrazino-l,2,4-triazolo[4,3-6]l,2,4-triazines 469 
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U69) (471) 


[67AC(R)366; 68CB3969; 69BSF3670] or 5-hydrazino-l ,2,4-triazolo[4,3- 
<i]l,2,4-triazines 470 (69BSF3670). Dehydrogenative cyclization of al¬ 
dehyde 1,2,4-triazolo[4,3-b]l,2,4-triazin-7-ylhydrazones (471) also gave 
472 (69BSF3670). 
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5. 1,2,4-Triazolo[3,4-f] 1,2,4-triazines 


Reaction of 1,2,4-triazol-4-ylamidines (473) with diethyl carbonate in the 
presence of sodium ethoxyethoxide led (70JPR669) to intermediate 474 
which, upon cyclization, gave the l,2,4-triazolo[3,4-/]l,2,4-triazino- 
8-ones (475). Kurasawa and his group (85JHC1715) reported that 
the reaction of 3-(a-hydroxyimino-4-amino-5-methyl-4//-l ,2,4-triazol-3- 
ylmethyl)2-oxo-l,2-dihydroquinoxaline (476) with orthoesters and iron 
powder in acetic acid gave l,2,4-triazolo[3,4-/]l,2,4-triazines 480 and its 
7,8-dihydro isomers 479. 



(480) 


(479) 
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Subjecting 6-hydrazino-l,2,4-triazino-5-ones (481) to cyclization 
with carboxylic acids (79JHC555), acetic anhydride (79JHC555), ben¬ 
zoyl chloride (79JHC555), orthoesters (79JHC555), carbon disulfide 
(79JHC555), cyanogen bromide (79JHC555), or 2,5-anhydroallonic acid 
(86JMC2231) gave examples of the title compounds (482). Reaction of 



(483) (482) 


6-bromo-l,2,4-triazin-5-ones (483) with acid hydrazides directly afforded 
(74JPR667) the l,2,4-triazolo[3,4-/]l,2,4-triazin-8-ones (482) without iso¬ 
lation of the corresponding intermediate hydrazides. 


H2NHH 


one-carbon cyclizing 

reagent 



(482) 


Many l,2,4-triazolo-l,2,4-triazines showed biological activities such as 
antibacterial (74MIP1), antiviral (74MIP1), antimetabolic (74MIP1), anti¬ 
tumour (86JMC2231), and anti-inflammatory (83MIP1) activities as well as 
inhibition of lymphoid leukemia (71RRC311). 


C. 1,2,4-Triazolo-1,3,5-triazines 

There is only one possible combination of this fused ring system (484) 
related to this chapter. 



1,2,4 -Triazolo 


[*•»-*] 


1,3,5 - triazines (484) 
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1,2,4-Triazolo[4,3-a] 1,3,5-triazines 


One route to these compounds is the reaction of 3-amino-1,2,4-triazoles 
(312) with dicyanodiamide (485) to yield (49USP2473797; 53JOC1610) 5,7- 
diamino-1,2,4-triazolo[4,3-a] 1,3,5-triazines (486). The 1,3,5-triazine ring 
of 7-methoxy-3-phenyl-l,2,4-triazolo[4,3-a] 1,3,5-triazine (489) was 
formed (70T3357) by the direct cyclocondensation of 0-methyl-N-(5- 
phenyl-l,2,4-triazol-3-yl)urea (488) with methyl diethoxyacetate (487) or 
triethyl orthoformate. 3,5,7-Triamino-l,2,4-triazolo[4,3-a]l ,3,5-triazine 
(490) was prepared (53JOC1610; 63ZOB1355) in one step by the reaction of 
two equivalents of dicyanodiamide (485) with one equivalent of hydrazine 
dihydrochloride. 



HN, 


(485) 


EtOCHOEt 

I 

COOMe 

(487) 



R 

(312) 



Ph 

(488) 



NH 2 R 


(486) 



Ph 

(489) 


2 N*C-I 


NH 

II 

I-C-NH2 + NH 2 .NH 2 


h 2 n 

■2NH 3 * 



nh 2 nh 2 


( 485 ) (490) 

Starting with 2-hydrazino-l,3,5-triazines (e.g. 491), workers have 
formed the fused 1 ,2,4-triazole (492) (70T3357) through ring closure with 
methyl diethoxyacetate (487). Dehydrogenative cyclization of bis(4,6- 
substituted)-l,3,5-triazin-2-ylhydrazones 493 gave (66M1713; 70T3357; 
77CPB3137) only one product (494) because of the symmetry of the start- 
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"YY‘ 

"'■'V 


EtOCHOEt 

COOMe 




R\^. n \^nh-n=chr 


r V 

V 


V '-f 


N 'V' NH ‘ N = CHAf R"v^ N \^-NH.N=CHAr R v ^ N \^NH»N = CHAr 


fY 

V 


Y 

R 

(496) 


X 

R 

(497) 


ing hydrazone. On the other hand, the product of dehydrogenative cycli- 
zation of the unsymmetrically substituted hydrazones, 495, 496, or 497, 
was found to be influenced (70T3357) by the electronic and steric factors of 
the substitutents. Thus, subjecting aldehyde 6-methoxy-4-methyl-l,3, 
5-triazin-2-ylhydrazones (498) to dehydrogenative cyclization with lead 
tetraacetate afforded mainly (70T3357) the 5-methoxy-7-methyl-1,2,4- 
triazolo[4,3-a]l ,3,5-triazines (499) as a result of cyclization with the more 
nucleophilic nitrogen adjacent to the more electron-releasing methoxy 
group. Alternative isomer 501 was obtained (70T3357) by the reaction of 
500 with triethyl orthoacetate. 


le N NH.N=CHAr 

if phoaoa ^ 


T 

OMe 



OMe Ar 


(498) 


(499) 
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(500) (501) 


Reaction of 2,4,6-trichloro-l,3,5-triazine (502) with three equivalents 
of 5-substituted tetrazoles 223 led (61CB1555) to the formation of 1,2,4- 
triazolo[4,3 - a] 1,2,4 - triazolo[4,3 -c] 1,2,4-triazolo[4,3 - e]l,3,5-triazines 
(503). 


ci yY 

N^ N 


+ 3 



-3HCt,-3N 2 



(502) 


(223) 


(503) 


XVI. Condensed 1,2,4-Triazolo-thiadiazines 

1,2,4-Triazole rings may, theoretically, be fused to 1,2,3-, 1,2,4-, 1,2,5-, 
1,2,6-, 1,3,4-, or 1,3,5-thiadiazine rings. However, only 1,2,4-triazolo- 
1,3,4-thiadiazines have been prepared. 


1,2,4-Triazolo-1,3,4-thiadiazines 

Two condensed ring systems, 504 and 506, have been synthesized and 
will be reviewed; system 505 has not been synthesized. 


W2,4-Triazolo f3»4-b| W3,4 - thiadiazines (504) 
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1*2.4-Triazolo ^4,3-dJ 1,3,4 - thiadiazines (505) 
1,2,4 -Triazolo [3»4-b] 1,3,4-benzothiadiazines (506) 


1. 1,2,4-triazolo[3,4-b] 1,3,4-thiadiazines 

Cyclization of 4-amino-3-mercapto- 1,2,4-triazoles 189 with a-haloke- 
tones (52JCS4811; 69IJC959; 74UC287; 78GEP(0)2818395 ; 78IJC(B)- 
481; 80JIC1112; 81IJC(B)369; 83JPS45; 861JC(B)283, 86JCR(S)70, 
86JHC1439], /3-haloacetals [52JCS4811; 69IJC959; 74IJC287; 78IJC- 
(B)481], chloroacetic acid (74IJC287; 80JIC1112), chloracetyl chloride 
([81IJC(B)369], 2,3-dichloroquinoxaline [74IJC287; 78IJC(B) 481], 
dimethyl acetylenedicarboxylate [78IJC(B)737; 810PP123], and benzoin 
[81IJC(B)369] led to the formation of the title compounds. 

Dehydrative cyclization of 3-(5-carboxy)-5-phenyl-4-(pyrrol-l-yl) 1,2,4- 
triazole (508) with polyphosphoric acid gave (82G345) the 1,2,4- 
triazolo[3,4-6]l,3,4-thiadiazine (509). Ring transformation of 1,3,4- 
oxadiazoles to 77/-1,2,4-triazolo[3,4-/>] 1 ,3,4-thiadiazines (507) was 
reported by Sasaki et al. (82JOC2757) through the reaction of [(1,3,4- 
oxadiazol-2-yl)thio]ketones (123) with hydrazine hydrate in the presence 
of acetic acid. 
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(513) 


(514) 
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Phenacyl bromides react (86JHC43) with anhydro l-amino-5-aryl-2- 
mercapto-l,2,4-triazolo[3,2-c]quinazolin-4-ium hydroxides (53) through 
pyrimidine ring-opening and simultaneous formation of the 1,3,4- 
thiadiazine nucleus to give 54. Compound 514 was also obtained 
[86JAP(K)61260085] when 2-hydrazino-5-methyl-6if-l ,3,4-thiadiazine 
(513) was cyclized with aryloxyacetyl chlorides. 

2. 1,2,4-triazolo[3,4-b] 1,3,4-benzothiadiazines 

Examples of those compounds (517) having saturated benzene rings 
were prepared by reacting 4-amino-3-mercapto-1,2,4-triazoles (516) with 
2-halocyclohexanones (515) (78JHC209), 2-halocyclohexan-l ,3-diones 
(78JHC209), dimedone [81 IJC(B)369], and 2-bromo-3,6-dihydroxy-5- 
undecyl-l,4-benzophenone (85MI2). Some l,2,4-triazolo[3,4-6]l,3,4- 
thiadiazines exhibited antibacterial (86JHC1439), antiparasitic (83JPS45), 
and fungicidal [78IJC(B)481] activities. 

sa 

(5151 (516) (517) 



XVII. Condensed 1,2,4-Triazolo-tetrazines 

1,2,4-Triazole rings may form condensed ring systems with 1,2,3,4-, 
1,2,3,5-, or 1,2,4,5-tetrazines, but only l,2,4-triazolo-l,2,4,5-tetrazines 
have been synthesized. 


1,2,4-Triazolo-1,2,4,5-Tetrazines 
l,2,4-Triazolo[4,3-b] 1,2,4,5-tetrazines (518) pertain to this review. 

N"£ N cN--j N r -| 

|e bl *1 1,2,4-Trnzolo 4,3-b 1,2,4,5-tetrazines ( 
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1,2,4-triazolo[4,3-b] 1,2,4,5-tetrazines 

Dickinson and Jacobsen [74AC298; 75JCS(PI)975] prepared 1,2,4- 
triazolo[4,3-6] 1,2,4,5-tetrazine 520 by reacting 6-phenyl-3-hydrazino- 
1,2,4,5-tetrazine (519) with carbon disulfide or by reacting 4-amino- 
5-hydrazino-l,2,4-triazol-3-thione (522) with benzaldehyde in alkaline 
medium. The reaction involved the air oxidation of tetrahydrotriazolo- 
tetrazine intermediate 522. 


nh . N h 2 

I (I cs 2 ,N«oet 

Ph^H- 


(519) 




I © 

* Ph.CHOyQH 


\"Y H " 


i ii 

H SH 
(522) 


XVIII. Condensed 1,2,4-Triazolo-azepines 

The synthesis of the two categories of compounds 523 and 524 will be 
reviewed. 

If2,4-Triazoio ^4,3 -aj azepines (523) 



U2 f 4-Triazoio [4,3-a^ benzazepines (524) 
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A. 1,2,4-Triazolo[4,3-«]azepines 


These compounds were obtained (70S433) by cyclization of 2- 
hydrazinoazepines such as 2-hydrazino-3,4,5,6,7-pentahydroazepine 
(525) with /V-dichloromethylene benzamide to give 3-benzoylamino-l,2,4- 
triazolo[4,3-a]5,6,7,8,9-pentahydroazepine (526). Reaction of methyl 
chloroformate, phosgene, or thiophosgene with the 3,4,5,6,7-penta- 
hydroazepin-2-one arylhydrazones (527) afforded (80USP4213773) 
the 3-oxo- or 3-thioxo-5,6,7,8,9-pentahydro-l,2,4-triazolo[4,3-a]azepines 
(528). 



NHCOPh 


(525) 


(526) 



X 


(527) (526) XrO or 5 

3-Substituted 5,6,7,8,9-pentahydro-l,2,4-triazolo[4,3-a]azepines (531) 
were prepared (57CB909; 59BP811765; 59BP825514) from the imidate es¬ 
ter 529 by reaction with acid hydrazides to give disubstituted hydrazines 
530, which undergo direct thermal dehydrative cyclization to 531. Cycli¬ 
zation (70CB1934) of 530 with phosgene afforded 2-acyl-3-oxo-derivatives 
532. 


B. l,2,4-TRIAZOLO[4,3-fl]BENZAZEPINES 

Condensation of the thiol group of 5-aryl-l ,3,4,5-tetrahydrobenzazepin- 
2-thiones (533) with acid hydrazides afforded (81CCCI48) fused 1,2,4- 
triazolobenzazepines 534. Compounds of this system exhibited analeptic 
(59BP811765, 59BP8255I4), herbicidic (80USP4213773), anticonvulsant 
(81CCC148), and central nervous system (59BP8255I4) and respiratory 
system stimulating activities (59BP825514). 
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XIX. Condensed 1,2,4-Triazolo-diazepines 

l,2,4-Triazolo-l,2-, 1,3-, or 1,4-diazepines have not been synthesized. 
1 ,2,4-Triazolo-benzodiazepines 


Of the various possible 1,2,4-triazolo-benzodiazepines relevant to this 
chapter, only the three types, 535-537, have been synthesized. 
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1,2,4 -Triazolo 


O’ 5 - 3 ] 


1,4 - benzodiazepines (536) 


1,2,4-Triazolo ^4,3-aJ 1,5 - benzodiazepin 


1. 1,2,4-triazolo[4,3-a]l ,4-benzodiazepines 

Numerous reports have described [72GEP(O)2203782, 72USP3681343; 
73CPB1619, 73JAP(K)7334I99; 75JHC717; 76GEP(0)2601400; 77USP- 
3994940; 80JHC575, 80JMC392, 80JMC643] the synthesis of compounds 
such as 539 by the condensation of 2-(3-halomethyl-l,2,4-triazol-4-yl) 
benzophenones 538 with ammonia, as well as by condensation of 2- 
hydrazino-1,4-benzodiazepines 540 with carboxylic acids (77BP1469197; 



(540) 


(541) 
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79JMC1390), acid chlorides (79JMC1390, 79USP4141902; 80JMC392), or¬ 
thoesters (70TL4039), cyanogen bromide (79JMC1390), or thiophosgene 
(79JMC1390). The reactive thiol group of 1,4-benzodiazepin-2-thiols 541 
condenses with acid hydrazides to give [70GEP(0)2012190; 71TL1609; 
72SAP7201487, 72SAP7201488, 72USP3681343; 75GEP(O)2426305; 80- 
JMC392] the title compounds. 

2. 1,2,4-Triazolo[4,3-d] 1,4-benzodiazepines 

Compounds such as 543 and 545 were prepared either from 5-hydrazino- 
1,4-benzodiazepines (e.g. 542 ), by cyclization (78JHC1127) with car¬ 
boxylic acid derivatives, or from l,4-benzodiazepine-5-imidates (e.g. 
544 , Z = OMe) (71TL1609), 5-thioimidates (e.g. 544 , Z = SMe) 
(78JHC1127), or 5-imidoyl chlorides (e.g. 544 Z = Cl) (76TL1931; 
77TL1699) with carboxylic acid hydrazides. 



(544) (545) 


3. 1,2,4-Triazolo[4,3-a] 1,5-benzodiazepines 

Reaction of 5-phenyl-2-thio-1,4-dihydro- 1 ,5-benzodiazepin-4-ones ( 546 ) 
with acid hydrazides afforded [75GEP(O)2426305] 1 l-//-l,2,4-triazolo[4,3- 
a]l,5-benzodiazepin-10-ones ( 547 ). Members of this ring system have been 
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found to be useful as sedatives [70GEP(0)2012190; 71GEP(O)2036324; 
72SAP7201489, 72USP3681343; 73GEP(0)2251673 ; 77BP1469197, 77- 
USP4032535; 78JMC1290; 79USP4141902; 80JHC575], tranquilizers 
[72USP3681343; 73GEP(0)2251673 ; 77BP1469197; 79USP4141902; 86- 
JHC43], nictonine antagonists (72USP3681343), antianxiolytics (72MI1; 
79JMC1390, 79USP4180668; 80JMC392, 80JMC643, 80JMC873), anti¬ 
depressants (71JMC1078; 77BP1469197; 79JMC1390; 80JMC392, 80JMC- 
402), antispasmodics [70GEP(0)2012190], muscle relaxants [73GEP(0)- 
2251673; 77BP1469197, 77USP4032535; 79USP4141902], hypnotics 
[73GEP(0)2251673], psychotropics (79JMC1390), and anticonvulsants 
(77USP4032535; 78JMC1290). 


XX. Condensed 1,2,4-Triazolo-triazepines 

Of the various possible 1,2,4-triazolo-triazepines, only 1,2,4-triazolo- 
1,2,4-triazepines have been synthesized. 

1,2 ,4-Tri AZOLO-1,2,4-TRI AZEPIN ES 
Two ring systems, 548 and 549, have been synthesized. 

1. 2 . 4 - Tr.azolo ^4,3-bj 1, 2,4 - tf >a t nes (948) 

1.2.4- Tnazolo ^4,3-dJ ' >2,4 - tr iazep ,nes (849 ) 
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1. 1,2,4-Triazolo[4,3-b] 1,2,4-triazepines 

These compounds were prepared (70AP709; 72JHC153; 74JHC751; 
75JHC661; 85MI1) by cyclizing 3,4-diamino-l,2,4-triazoles (46) with 
/3-ketoesters. The reaction of 46 with ethyl acetoacetate was reported 
(74JHC751) to yield products that were assigned 6-methyl-7,9-dihydro- 
l,2,4-triazolo[4,3-6]l,2,4-triazepin-8-one structures (550) by some authors 
(74JHC751) or 8-methyl-5,9-dihydro-l,2,4-triazolo[4,3-fc]l,2,4-triazepin- 
6-ones (551) by others (70AP709). Kochlar(72JHC153), however, was able 
to isolate both products. 



1551) 


2. 1,2,4-Triazolo[4,3-d] 1,2,4-triazepines 

Cyclization of 2,7-dimethyl-5-hydrazino-6//-l ,2,4-triazepin-3-thione 
(552) with orthoesters gave [78JCR(S)190] 3-substituted 6,8-dimethyl-9//- 
l,2,4-triazepin-5-thiones 553. 



(552) 


(553) 
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I. Introduction 

This review covers the last ten years of progress in pyridazine chem¬ 
istry. The last report appeared in this series in 1979 (79AHC363). Numer¬ 
ous syntheses of pyridazines follow the well known approaches, but there 
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are some significant developments and new methods, such as syntheses of 
pyridazines by cycloaddition, which have become a powerful synthetic 
tool in the hands of organic chemists. Pyridazines have been investigted 
intensely, from a theoretical standpoint, by spectroscopic methods. They 
have also been investigated for their applications in agriculture and in 
particular for their biological activity for use as potential drugs. 

Several aspects of pyridazine chemistry and activity were included in 
review articles of general interest. Such reviews deal with aromaticity and 
antiaromaticity of azines (80MI29) and substituent effects in azines 
(80MI18). Pyridazines were mentioned in a review covering unusual or¬ 
ganic compounds including azoalkanes (80AG815), cycloadditions of 
azadienes (83T2869; 87MI28), diazoquinones [78H(9)1771; 79H(13)389], 
thermal and photochemical decomposition of azoalkanes (80CRV99), N- 
methyl inversion barriers of six-membered heterocycles (81AG567), steric 
effects in heteroaromatics (88AHC173), reactions of annular nitrogens 
of azines with electrophiles (88AHC127), direct amination (86MI26), ho- 
molytic reactions (87H481), one-electron oxidations (81ACR131), and n- 
complexes of transition metals (78JHC1057). Reviews also appeared on 
pyridazine nucleosides (86MI28), some biologically active pyridazines 
(84MI23), antihypertensive 3-hydrazinopyridazines (80MI25), and pyrida¬ 
zines with antimicrobial activity (77PHA555). References that have ap¬ 
peared by mid-1988 are included here. 


II. Synthetic Methods 

A. From Carbonyl Compounds 

Simple ketones were used as starting material for synthesis in a few 
cases. Condensation of 1-chloroketones (80PHA140; 81UKZ657), 1,2- 
unsaturated ketones (85AKZ720), enaminoketones, or vinamidinium salts 
(79S385; 84JOC4769) with hydrazines afforded pyridazines. From satu¬ 
rated or unsaturated 1,4-diketones, 3-mono or 3,6-disubstituted pyrida¬ 
zines were synthesized by using hydrazine, substituted hydrazines, or 
hydrazides (81H1705, 81JOC5156, 81MI23; 84JHC1297; 86MI13, 86MI19; 
87JHC1745). Similarly, a 1,4-dicarbonyl derivative of furanophane was 
converted into a furano(3,6)pyridazinophane (67) (80JOC4584). 

A major source for pyridazines is still 1,4-keto acids or esters. Except 
for one case when a l-formyl-4-ester was used as starting material 
(83MI25), 6-alkyl- or 6-aryl-2,3,4,5-tetrahydro-3(2//)-pyridazinones were 
synthesized from 1,4-keto acids or esters and hydrazine or substituted 
hydrazines [76MI4; 77IJC(B)436, 77MI5; 78JHC881, 78MI3, 78MI5, 
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78MI9; 79IJC(B)136, 79KGS943, 79MI8, 79RRC1381; 80RRC1375; 
81IJC(B)424, 81IJC(B)845, 81IJC(B)I097, 81JMC592; 83JHC1473, 83MI7; 
84JMC1099, 84MI15; 85AF784; 85MI6, 85MI23, 85MI29, 85MI30; 
86MI24, 86RRC387, 86ZC21; 87IJC(B)348, 87JHC63; 88JHC799, 
88JMC461]. From /3-acyl lactic acids and hydrazine, depending on reac¬ 
tion conditions, either 4-hydroxy-4,5-dihydro-3(2//)-pyridazinones or 
3(2/7 )-pyridazinones can be prepared (85BSF865). From benzoyl acrylic 
acids and hydrazines in the presence of sodium acetate, pyridazinones 
were obtained, whereas in alkaline solution, pyrazoles are formed 
(78MI9). For aromatization of the obtained 4,5-dihydro-3(2//)- 
pyridazinones, bromine is used preferentially, but if bromination of the 
side chain has to be avoided, sodium /n-nitrobenzenesulfonate can be used 
(81JMC592). 

From heterocyclic 1,4-keto acids or esters, a variety of heteroaryl sub¬ 
stituted 3(2//)-pyridazinones can be prepared (80AKZ862; 81JHC425, 
81MI14; 83MI19; 84AKZ572, 84MI22; 85MI15, 85MI18, 85MI27, 85MI31; 
87MI21). 

The reaction between a cyclic 1,4-keto ester and hydrazine was used to 
synthesize [7]-, [8]-, and [9]-(3,5)pyridazinophanes (1) (84G). From 
esters of 1,4-dioxo-2-carboxylic acids, which are at the same time 1,4- 
diketones and 1,4-keto esters, esters of l,4-dihydropyridazine-5- 
carboxylic acid were obtained if ethanol was used as solvent. In glacial 
acetic acid, however, 1-aminopyrroles were formed (81CB564). 


n =3,4,5 



( 1 ) 

Saturated or unsaturated 1,4-dicarboxylic acids also serve as starting 
material for 3-hydroxy-6(l//)-pyridazinones. A detailed investigation of 
the reaction between succinic anhydride and phenylhydrazine revealed 
that, in glacial acetic acid at room temperature, five products are formed; 
two of them are pyridazines 2 and 3 [84IJC(B)439]. Other hydrazines and 



(2) (3) 
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this acid or its anhydride were used to prepare various pyridazines 
(83MI17; 86MI18). 

Various 3-hydroxy-6(l//)-pyridazinones were obtained from maleic an¬ 
hydride and various hydrazines (78MI2; 81PS323; 82MI3, 82MI4; 
85AKZ743; 86ZOR711). From maleic anhydride and hydrazine, l,2-bis(3- 
carboxyacryloyl)hydrazine can be obtained; this undergoes acid-catalyzed 
cyclization into maleic hydrazide (84MU1, 84MI12). In a similar manner, 
pyridazines were prepared from fluoromaleic anhydride (84MI28; 86MI1) 
or chloro- and dichloromaleic anhydride (79MI32). From mucochloric 
acid and heterocyclic hydrazines, l-heteroaryI-4,5-dichloro-6(l//)- 
pyridazinones were prepared [81JCR(S)103; 85H2603]. 

Pyridazines were also prepared from hydrazones or semicarbazones 
of carbonyl compounds. Semicarbazones of 1,4-keto esters are trans¬ 
formed into tetrahydropyridazines, giving further either imidazo[ 1,5-6]- 
pyridazines or 1-ureidopyroles (83H551). w-Bromoacetophenone semicar- 
bazone reacts with enamines of various methylcyclohexanones to give, 
depending on reaction conditions, tetrahydro-, dihydro-, and pyridazines 
(84G521). Semicarbazones of phenacyl bromides are reduced electro- 
chemically into 4 to give, upon heating in dimethylformamide (DMF), 
3,6-diarylpyridazines 5 (85SC939; 87MI1). 


- I^ AI 

..-V" 


(4) 


(5) 


Pyridazinones were obtained from an attempted Fischer indolization of 
a cyclopentanone phenylhydrazone [85CI(L)697], from hydrazones of un¬ 
saturated 1,4-keto esters (87H2101) or from 3-arylhydrazones of 4-(4- 
methoxyphenyl)glutaconic anhydride in the presence of seconday amines 
[83IJC(B)512], Pyridazines 6 can be synthesized from 2-phenylhydrazones 
of 1,2,3-tricarbonyl compounds and phosphacumulenylides (80TL2939; 
85 CB1709). 




Ph 3 PC = C*X 
X =0,NPh,etc. 



r' 


Ph 


(6) 
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Isobutyraldehyde phenylhydrazone, when treated with an excess of 
methyl methacrylate at 120°C, gave a mixture of an azoalkane, pyridaz- 
inone 7, and pyrazoline 8 in a ratio of 2:2: 1, as a result of different 
cyclization paths (79JOC218). 



In a similar manner, pyridazines were obtained from various arylhydra- 
zones and acrylonitrile (84ZOR4I6; 87PHA695). Also, hydrazones of 
a-haloacetophenones, when transformed into transient azoalkenes and 
intercepted with enol ethers, are transformed into 1,4,5,6-tetrahydropyri- 
dazines. These, in turn, were transformed with hot ethanolic sodium 
ethoxide into 3-arylpyridazines [85JCR(S)3I0]. A dihydropyridazine was 
formed by thermal decomposition obtained by silver oxide oxidation of 
bishydrazones of 1,4-dicarbonyl compounds [87JCR(S)170]. Pyridazines 
can also be prepared from l-nitro-2,2-bismethyl-mercaptoethene, after its 
conversion into the corresponding hydrazone, and subsequent treatment 
with 1,2-keto aldehydes (77TL36I9). 

Azines were also used as starting material. Acetophenone azine, when 
treated with lithium diisopropylamide (LDA), is transformed in its dianion 
which is cyclized at room temperature into 3,6-diphenyl-l,4,5,6- 
tetrahydropyridazine as the sole product. The p-anisyl analog, however, 
gives either the corresponding pyridazine, pyrrole, or a mixture of both 
compounds depending on reaction conditions (78JOC3370). Thermal cy¬ 
clization of ketazines also yields pyridazines (87ZOR1063). An azine phos- 
phorane, upon benzoylation, gave the expected benzoylated product and a 
pyridazine and pyrazole derivative. Pyridazine ylide 9 is transformed, 
upon heating at ~230°C, into acetylenic derivative 10 (82JOC2768). 



Many synthetic approaches are based on reactions with reactive methyl¬ 
ene compounds and hydrazones, a reaction that was first introduced by 
Schmidt and Druey in 1954. Benzil or monohydrazones of benzil or related 
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compounds were transformed into various substituted pyridazines after 
treatment with esters of substituted acetic acids (79MI2, 79TL2921; 
80JMC1398), ethyl acetoacetate (81JPS419; 87JHC23), diethyl mag¬ 
nate (79MI22), 2,2-dimethyl-l,3-dioxan-4,6-dione (Meldrum’s acid) 
[82JCS(P1)1845; 83JCS(P1)1203], activated nitriles (78MI1; 79MI41; 
83UKZ1095, 83UKZ1197; 88H1579), or malonodinitrile (79JPR71). 

Aryldiazonium salts couple to various compounds with a reactive meth¬ 
ylene group, and subsequent cyclization leads to pyridazine derivatives. 
In this manner, pyridazines were prepared from a dimer of w-cyanoaceto- 
phenone (85LA1492), a dimer of ethyl cyanoacetate (diethyl 3-amino-2- 
cyano-2-pentenedioate) [82JCS(P1)989, 82S490; 85ZN(B)664], 3-amino-2- 
cyano-4-ethoxycarbonylcrotononitrile (87H899, 87LA889), and other 
activated crotononitriles [84S62; 85H1999, 85LA1492, 85MI1, 85OPP107, 
85S1135; 86H101, 86ZN(B)105], However, dicyano compound 11 , when 
treated with an aryldiazonium salt in ethanol and in the presence of sodium 
acetate, forms hydrazone 12 which, upon heating in acetic acid, is trans¬ 
formed into 13 . The same reaction proceeded differently in acetic acid and 
in the presence of sodium acetate to give 15 via 14 (86H1219; 87BCJ4486). 



114 ) ( 15 ) 


Other examples of coupling diazonium salts to /3-arylglutaconic an¬ 
hydrides with subsequent ring opening and cyclization to pyridazines, 
[80IJC(B)648] and coupling to 1,3-dicarbonyl or l-cyano-3-carbonyl com¬ 
pounds (80S623); 81JHC333, 86JHC93) or diesters of 2-pentenoic acid 
(82MI8) are reported. 
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B. Cycloaddition Reactions 

A pyridazine ring can be formed in a cycloaddition reaction of diazo 
compounds or diazonium salts, with alipahtic or cyclic azo compounds. It 
can also be formed by cycloaddition of various 1,2,4,5-tetrazines and 
dienophiles in inverse electron demand Diels-Alder reactions. As shown 
later, this synthetic approach has been used extensively and with success 
in the 1980s. 

Diamino cyclopropenylium salts and phosphorylated or carbonylated 
diazomethanes react in the presence of ethyldiisopropylamine to give 
4,5-diaminopyridazines in moderate yield (86JHC385). Tetrachlorocyclo- 
propene first gives addition products 16 . Their stability varies, and they 
rearrange into 3,4,5-trichloro pyridazines ( 17 ) [78JCR(S)40, 78MI10], 
Other cyclopropenes react similarly [80LA590; 85ZOR1026; 87ZN(B)210], 
ci ci 

RCH=Nj +• X 

Cl^^ 

( 16 ) ( 17 ) 

2-Diazo-4,5-dicyanoimidazole undergoes cycloaddition with 2,3- 
dimethylbuta-1,3-diene at room temperature to give pyridazinylimidazole 
18 . It has been proposed that the reaction proceeds by initial attack of the 
terminal nitrogen atom to give a transient aziridine, followed by ring 
opening and hydrogen transfer. The reaction may occur in a stepwise 
manner (84CC295). 



Me 

Me 

( 18 ) 

In 1975 Carlson, Sheppard and Webster showed that the products of an 
old, known reaction between dienes and aromatic diazonium salts are not 
coupling products, but rather, they are dihydropyridazines. A detailed 
investigation of this reaction, in particular with electron-rich dienes, re¬ 
vealed the cycloaddition is concerted, and 3,6-dihydropyridazines 19 are 
formed first. They are transformed further into either 1,6-dihydropyri- 
dazines 20 or pyridazinium ions (84TL57). 
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( 19 ) ( 20 ) 


Upon heating a mixture of benzaldehyde and hydrazine salt in the 
presence of styrene (2:1:6 molar mixture), in addition to 1,5-diazabicyclo 
[3.3.0] octane, 3,5,6-triphenyl-l,4,5,6-tetrahydropyridazine was obtained 
as byproduct. The latter was the only product when a 2: 1 :2 ratio was 
used. The pyridazine formation is explained on the basis of cycloaddition 
of benzaldehyde azine to styrene, followed by tautomerization 
(87JOC2277). Similarly, other diazadienes add ethyl vinyl ether to give 
also 1,4,5,6-tetrahydropyridazines [83JCS(P 1)1803]. 

Several azadienophiles were employed in cycloadditions. Pyridazines 
were thus obtained from dienes and diethyl azodicarboxylate (82S958; 
84TL1769) or cyclic azo compounds (80LA1307), arenediazocyanides, 
and related compounds, preferentially in a crown ether-catalyzed synthe¬ 
sis (79CC1019; 82JA548). With unsymmetrical dienes, a variable degree of 
regio-selectivity, depending on the particular aryl substituent of the azo 
compound, was observed (82TL3875). Thus, cycloaddition of methyl vinyl 
ketone and l-isopropyl-3,4-dimethyl-l,2-diaza-l,3-butadiene afforded a 
mixture of four stereoisomeric 1,4,5,6-tetrahydropyridazines (21-24) 
(78KGS1684). 1,3-Diketones, when converted into bis-(silyloxy)-1,3- 
butadienes, react with various aza dienophiles. The cycloadducts are 
relatively unstable and are immediately desilylated. With unsymmetrical 
aza dienophiles, two regioisomers are theoretically possible. It was found 
that only one is formed (87CB1597). 

Since the report by Carboni and Lindsey in 1959 on the cycloaddition 
reaction of tetrazines to multiple bonded molecules as a route to pyrida¬ 
zines, such reactions have been extensively studied. In addition to 
acetylenes and ethylenes, enol ethers, ketene acetals, enol esters and 
enamines, and even aldehydes and ketones have been used as starting 
materials for pyridazines. A detailed investigation of various 1,2,4, 
5-tetrazines in these syntheses revealed the following facts. In [4 + 2] 
cycloaddition reactions of 3,6-bis(methylthio)-l,2,4,5-tetrazine with 
dienophiles, which lead to pyridazines, the following order of reactivity 
was observed (in parenthesis the reaction temperature is given): ynamines 
(25°C) > enamines (25-60°C) > ketene acetals (45-100°C) > enamides 
(80-100°C) > trimethylsilyl or alkyl enol ethers (100- HOT) > enol 
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R- i- Pr 

r'= MeCO 

acetates (130-140°C). Raney-nickel reductive desulfurization provided an 
approach to the 3,6-unsubstituted pyridazines, whereas oxidation to the 
bis-sulfone opened a way of preparing monosulfones. The second sulfone 
group can be easily displaced to give an amino or methoxy derivative. 
Dimethyl 1,2,4,5-tetrazinedicarboxylate was found to be more reactive 
than the previously mentioned 3,6-bis(methylthio) analog (88JOC1415). 

In this manner, starting from an appropriate tetrazine with two electron- 
withdrawing groups, these can be introduced at positions 3 and 6 in the 
formed pyridazine. It is well known that such groups can be introduced 
directly into the pyridazine only with great difficulty. This method allows 
the introduction, for example, of trifluoromethyl groups [78JCS(P 1)378; 
87CZ81] or heterocyclic rings such as 2-pyridyl (80DOK1392; 81AJC1223, 
81JOC881, 81SC655). On the other hand, with properly substituted 
dienophiles, such groups can be introduced in the pyridazine ring at posi¬ 
tions 4 and/or 5. 4-Nitro- or 4-cyano-pyridazines, usually not readily acces¬ 
sible, can be prepared in this manner (85H683). 

In a study of the reaction between dimethyl I,2,4,5-tetrazine-3,6- 
dicarboxylate and electron-rich ethylenes, it was found that, upon cy¬ 
cloaddition, the loss of nitrogen is fast. The slow step is the final aroma- 
tization of the resulting dihydropyridazine by loss of either morpholine, 
pyrrolidine, alcohol, or silylol, these groups being attached to the starting 
dienophile. Hydrolysis of the ester groups and subsequent decarbox¬ 
ylation give, at positions 3 and 6, unsubstituted pyridazines (84JOC4405). 
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It has also been established that dihydropyridazines, obtained by this 
reaction and having alkyl or aryl groups at positions 3 and 6, exist in 
solution in an equilibrium between the 1,4- and 4,5-dihydro tautomers. For 
example, 3,4-diphenyl-1,4-dihydropyridazine exists in chloroform solu¬ 
tion in an 8:1 ratio of the 1,4- and 4,5-tautomers (83JHC855). 

As dienophiles, ethyl vinyl ether (87JHC1285), c/s,c7.y-cycloocta-1,5- 
diene (79T277), cyclopropenes (79BSB905), fulvenes (78T2509; 79LA675), 
acetamidines in their very activated ketene-./V,./V-acetal form (81SC655), 
and aldehydes or ketones were used. In this particular case, aldehydes 
were found to be more reactive than ketones, and cyclic ketones were 
more reactive than the open-chain analogs. Moreover, a stepwise mecha¬ 
nism is preferred, although cycloaddition is not excluded (79JOC629). 

Ketene acetals react with various 3-substituted aryl 1,2,4,5-tetrazines to 
give almost exclusively the ortho isomers ( 25 ). An exception is 1,1-bis- 
dimethylaminoethene, which afforded both regio isomers 25 and 26 , the 
ratio being solvent dependent (84TL2541). 



(25) (26) 


r' *= SMe , OMe , OEt , NMe ; 

Diketene reacted to give spiro-bipyridazine 27 accompanied by a small 
amount of substituted pyridazine 28 (83CZ172). 



(27) 


Transformations with N.N-dimethylhydrazones of crotonaldehyde or 
cinnamaldehyde to give 1,4-dihydropyridazines are known (81AP376), and 
an interesting application of enamines forms compound 29 (79LA675). 
Dienamines were also used (87H337). 
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N* JL 




( 29 ) 

The double bond of some unsaturated sugars has been involved in this 
reaction to give the corresponding pyridazines after prolonged heating. A 
mixture of two products, 30 and 31 , was obtained, the bicyclic compound 
being formed only in 2-3% yield (85LA628). 



( 30 ) 

R* r 2 

AcO H R * COOMc 

H AcO 

There are several examples of alkynes as dienophiles. Silylalkynes give 
silylated pyridazines, and when a double bond is present in addition to the 
triple bond, only the triple bond reacts (81CB3154). Using 3-phenyl-l,2,4, 
5-tetrazines and silylalkynes, cycloaddition proceeds highly stereo- 
specifically (82CB2574). Bis(trimethylstannyl)acetylene was transformed 
with 3,6-bis(trifluoromethyl)-l,2,4,5-tetrazine into 4,5-bis-trimethylstannyl- 
3,6-bis (trifluoromethyl)pyridazine. With iodine or chlorine, both stannyl 
groups can be replaced to give the corresponding 4,5-dihalo derivatives 
[78JCS(P1)378], 

An acetylenic side chain in 5-ethynyl-2'-deoxyuridine or its O-acetyl 
derivative is converted by this method into a new pyridazine ring 
(86JOC950). Intramolecular cycloaddition of 1,2,4,5-tetrazines with 
acetylenic side chain has been used to prepare various condensed hetero¬ 
cyclic rings ( 32 ) (85TL4355; 86TL2747; 87CZ16; 88JOC1415). 

These cycloadditions can also be extended to pyridazines (87TL6027) 
and were used to prepare the indoline ring (33) as a part of PDE I and PDE 
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132) 

X = O.NH 

R = SMe , SOMe , S0 2 Me, Ph 


II, two 3',5'-cAMP phosphodiesterase inhibitors (87JA2717). If these 
transformations are employed twice, the inverse electron-demand cy¬ 
cloaddition reactions represent a valuable synthetic strategy for the fol¬ 
lowing conversions: 1,2,4,5-tetrazine -*■ pyridazine -* benzene (or in- 
doline). 



COOMe COOMe 

(33) 

On the other hand, trimethyl 3,4,6-pyridazinetricarboxylate and tetra- 
methyl 3,4,5,6-pyridazinetetracarboxylate undergo cycloaddition with 
norbornene and related compounds to give esters of benzenepolycarbox- 
ylic acids (85LA853). In a similar manner, xanthenes were obtained from 
allyloxypyridazines (80CPB198). 

Finally, various heterocycles have been used as dienophiles in these 
cycloadditions. From vinylindoles, a pyridazine ring was formed as side 
chain (87C125), and 3,5-bis(trifluoromethyl)-l ,2,4,5-tetrazine reacts with 
some benzoazoles. The cycloadducts formed undergo [4 + 21-cyclorever¬ 
sion with nitrogen elimination to give condensed pyridazines as shown in 
the case of indole and benzothiophene. However, the cycloadducts from 
A-methylindole and benzofuran may undergo ring opening to give substi¬ 
tuted pyridazines 34 (87CZ81). 

2,6-Dimethyl-l,4-dihydropyridine-3,5-dicarboxylates react with 3,6- 
dipyridyl-l,2,4,5-tetrazines in two ways. If a 1-unsubstituted starting pyri¬ 
dine was used, instead of cycloaddition, a hydrogen transfer reaction took 
place to give substituted pyridines; tetrazine acted as hydrogen acceptor. 
In the case of a 1-methyl analog, 1 ,2-dihydropyridine derivative 35 formed, 
which in turn reacted further with tetrazine leading to spiro intermediate 
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X = NH,S R"^N" N 

(34) 


X -NMe t O 

36. This undergoes aromatization to pyridazines with unsaturated side 
chain 37. The latter are easily converted in aqueous ethanol into pyridonyl- 
pyridazines 38. Structures have been confirmed by X-ray analysis 
(87JOC2026). 

An interesting example of this cycloaddition is its application to identi¬ 
fying 2- and 3-acetyl arsabenzenes, which are formed together with 3,6- 
dipyridylpyridazine 39 (81JOC881). From a cycloaddition reaction of 2,7- 



(36) 


137) 
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COOEt 



R (38) 


dihydrothiepin-1,1 -dioxide, an approximately equal mixture of the bis- 
pyridazine adduct and bis-pyridazinylethene 40 were isolated, the latter 
being a product of sulfur dioxide extrusion (81AP892). 





COMe 



(39) 

R - 2— pyridyl 



(40) 


N-Methoxycarbonyl-A- 2 -azetine reacted with a tetrazine at room tem¬ 
perature to give predominantly a substituted pyridazine. The reaction 
involves ring scission of the azetidine ring (77CC806). 


C. From Other Heterocycles 

Furans and 2-furanones (butyrolactones and butenolides) are main 
sources of heterocycles for pyridazine syntheses. A furan ring attached to 
a ribofuranosyl ring is readily transformed with hydrazine to give py- 
ridazine-3-C-nucleoside (83JOC2998 ; 87JOC4521). Similarly, photooxi- 
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dation of polyhydroxyalkylfuran derivatives and subsequent treatment 
with hydrazine afforded a pyridazine with a 3-polyhydroxyalkyl side chain 
(84MI16, 84MI17). 

Various saturated or unsaturated 2-furanones were transformed with 
hydrazines into pyridazines [80IJC(B)1038, 80MI8; 81JPR164, 81MI9; 
82ACH(111)387, 82IJC(B)763; 85FES200, 85JCS(P1)1627, 85MI7, 

85MI21; 86M231; 87MI15]. From 4-acetyl-4,5-dihydrofuran-2(3//)ones 
and hydrazine, pyridazines 41 are formed. The synthesis proceeds by ring 
opening and rearrangement (84JHC305). Dehydration with TsOH or sul¬ 
furic acid transform the pyridazines into 5-arylidene 42 or 5-methyl deriv¬ 
atives 43 (85JHC1615; 87FES585). 



(43) 


2-Acetoxy-3(2//)-furanones react with hydrazine to give 1,4-dihydro- 

4- pyridazinones, whereas with monosubstituted hydrazines, anhydro- 

5- hydroxypyridazinium hydroxide derivatives 44 are obtained. Sodium 
borohydride reduction of these betaines provides an easy entry to 5- 
hydroxy-1,6-dihydropyridazines 45 , which can be alkylated to 1,2- 
disubstituted derivatives (79JOC3053). 


COOEt 



R 


(45) 
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A new synthetic approach uses 2-arylazo-2,5-dimethyl-3-oxo-2,3- 
dihydrofurans. After hydrogenolysis and cyclization, 1,4-dihydropy- 
ridazines 46 are obtained (79S790). Pulvinic lactone, a lichen metabolite, 



Ar 


(46) 

gives pyridazinone 47 with hydrazine [85IJC(B)785]. Pyridazines were 
also prepared from some 2-aminothiophene precursors. The reaction with 
hydrazine proceeds evidently by ring opening, elimination of hydrogen 
sulfide, and ring closure (88CB573). Pyridazines can also be obtained from 
1-aminopyrrolidines, which undergo facile oxidative enlargement (even by 
column chromatography on silica or after stirring with silica gel) 
(79TL5025). Arylaminomaleimides, under the influence of bromine in 
acetic acid, are isomerized into pyridazinones (80M120), and pyrrolidine- 
diones or pyrrolopyridazines are also converted with hydrazine into py¬ 
ridazines (81HCA1930). 





(47) 

Other five-membered heterocycles such as pyrazolines, oxaxolin-5-ones 
(83H2385; 84H2483), isoxazoles or isoxazolines [82ACS(B)I; 83TL1285], 
and 1,2,3-triazoline [78H(9)243] could be converted into pyridazine deriv¬ 
atives. There are few examples of six-membered heterocycles being trans¬ 
formed into pyridazines. 3,4-Dicyano-2,4,4,6-tetramethyl-1,4-dihydropyr- 
idine reacts with nitric/acetic acid below -10°C to give, in addition to a 
pyridine and a pyrazole, pyridazine 48 . It was postulated that pyridazine 
formation requires the presence of acetic acid; this was confirmed 
(84CCC2620). 



(48) 



Sec. II.C] 


ADVANCES IN PYRIDAZINE CHEMISTRY 


401 


3-Phenacylpyridinium methiodide, when treated with hydrazine under 
Wolff-Kishner reduction conditions, is transformed into 6-phenyl- 
4-propylpyridazine. Some related pyridazines were prepared in a sim¬ 
ilar manner, but 3-benzoylpyridinium methiodide failed to react 
[80JCS(P1)72], 2-Dimethylamino-5-phenyl-l,3,4-thiadiazin-6-one reacts 
with the electron-rich 1-diethylaminopropyne to give two pyridazines, 49 
and 50 , in 72% and 2% yield, respectively. The formation of both com¬ 
pounds is explained by the initial addition of ynamine, ring opening, and 
cyclization in two ways (82CC1003). 



(49) < 5 °) 

3,6-Diaryl-l,2,4,5-tetrazines, when treated with bulky amides such as 
lithium di-isopropylamide, undergo two competing reactions. In the first, 
tetrazine is reduced with concomitant formation of an imine from the 
amide. The imine is then attacked further by amide to give a pyridazine. 
For example, 3,6-diphenyl-1,2,4,5-tetrazine is converted with lithium di¬ 
ethylamide into 3,6-diphenylpyridazine in low yield. With lithium di- 
isopropylamide, 4-methyl-3,6-diphenylpyridazine is obtained in moderate 
yield [83JCS(P1)1601], 

4//-Pyran-thiones, when treated with hydrazine, can give pyridazines, 
l-amino-4(l//)-pyridinethiones, or pyrazoles. Pyridazines are the exclu¬ 
sive or main product when the starting pyranthiones are substituted at 
position 3 with a hydroxy group. Perhaps hydrazine attacks position 6, 
followed by elimination of hydrogen sulfide to give 51 (78BCJ179). 



(51) 
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1,2-Diazepines were also transformed into pyridazines either with hy¬ 
drochloric acid, NBS, or hydrazine (77BCJ2153; 86H3059). A 1,2,5- 
triazepine could also be transformed into a pyridazine derivative 
(85H1675). 

Many condensed pyridazines undergo ring opening of a fused five- or 
six-membered ring to give substituted pyridazines. Such transformations 
are known with furo[2,3-d]pyridazines and pyrano [2,3-t/]pyridazines 
(79JHC245, 79JHC249), oxazolo[3,2-&]pyridazinium salts (82CPB1557), 
imidazo [l,2-6]pyridazines or their 1-oxides [78H( 10)269], an oxadiazolo- 
pyridazine (80CPB3570), and pyridazino[3,4-cf|-l,3-oxazine-4,5-dione 
after reduction with sodium borohydride (79JHC1213). 

Pyridazines are also formed from some particular bicyclic azoalkanes 
such as l,2-diazabicyclo[3,l,0]hexene, 2,3-diazabicyclo[2,2,l]heptene, 
and related systems (80TL1009, 80TL4615; 84JOC1261; 87JOC5498). The 
synthesis of 5-hydroxy-piperazic acid from a tricyclic diazaanthracene 
precursor by hydrazinolysis is described (77H119). The lactam ring in 
4-formyl-6,7-dihydroxanthyletin is transformed with phenylhydrazine into 
a pyridazinone ring as substituent ( 52 ) [82IJC(B)273]. 



( 52 ) 


D. Miscellaneous Syntheses 

Several synthesis start from cyclopropanes. Silyloxy or benzoyl alkyl 
cyclopropanecarboxylates react with hydrazines to give substituted 
3(2//)-pyridazinones (80JHC541; 84S786). Also, cyclopropenylium salts, 
when treated with phosphorylated or carbalkoxylated diazomethanes, 
give 4-amino- or 4,5-diamino-pyridazines (86JHC385, 86MI7). On the 
other hand, a diazomethyl group may be present as substituent at the 
cyclopropane ring, and isomerization also leads to pyridazines 
(82CB2965). By this method, sterically hindered pyridazines 53 were ob¬ 
tained. Upon irradiation these are rearranged into 1,2-Dewar pyridazines 
54 in high yields. These bicyclic pyridazines are thermally very stable 
compounds and no rearomatization takes place thermally (84CB445). 
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Pyridazines were obtained also by photolysis of 1-phenyl-1-vinyl azide 
in the presence of iron pentacarbonyl (3,6-di-phenylpyridazine was ob¬ 
tained in 1.1% yield) (78HCA589) or by thermal decomposition of an 
allenic hydrazonate (81JA7011). Acetylenic hydrazides can be trans¬ 
formed into pyridazines [84BSF(2) 129], and thermal cyclization of dialkali 
metal salts of co-hydroxyketone tosylhydrazones afforded pyridazines in 
moderate yield (85TL655). Propionyl phenylhydrazine, after reaction with 
4-bromobutyronitrile, converts into a pyridazine (87SC1253). 

Diimine has been trapped on a polymeric material to give polymer 
bound pyridazine which, after reduction and hydrolysis, afforded 3- 
hydroxyhexahydropyridazine (79TL1333). Electro-chemical reduction of 
azobenzenes has been reported to give 1,2-diarylhexahydropyridazines 
(78TL4955; 86ZC438). 

Pyridazines were also formed from dioximes by oxidative cyclization 
[78H(9)1367; 79JOC3524; 82M118]. As oxidants, lead tetraacetate or phe- 
nyliodoso bis(trifluoroacetate) were used, and substituted pyridazine 1,2- 
dioxides 55 are obtained accompanied by isoxazoles, isoxazoloisoxazoles, 
and open chain compounds. It was also established that a compound to 
which the structure of 3,6-diphenylpyridazine 1,2-dioxide was previously 
assigned is, in fact, a dihydroisoxazoloisoxazole derivative (79JOC3524). 



' 55 ) 


E. Syntheses of Labelled Pyridazines 

Mainly for the purposes of biological studies, many labelled pyridazines 
were synthesized either by conventional methods or by some modification 
of these methods. A review on synthesis and radioactive labelling of 
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amezinium, a pyridazin drug (4-amino-6-methoxy-l-phenylpyridazinium 
methyl sulfate) has appeared (81AF1529). At positions 4 and 6, deuterated 
3(2//)-pyridazinones were prepared by gas-phase decarboxylation of the 
corresponding carboxylic acids or by cyclization [83JCS(P1)1203], and a 
stereospecific synthesis of c/s-3,4,5,6-tetrahydropyridazine-3,4,d 2 is de¬ 
scribed (79JA3663). By reductive tritiation, another tritium-labelled py- 
ridazine drug (SR95531) was synthesized (87MI13). 

I3 C- or l4 C-labelled pyridazine drugs or active compounds were 
prepared. Syntheses of 4-acetyl-5,6-bis(4-chlorophenyl)-2-(2-hydroxy- 
ethyl)-3(2//)-pyridazinone (81MI4), N-(2,5-dimethyl-l//-pyrrol-l-yl)- 
6-(4-morpholinyl)-3-pyridazinamine hydrochloride (85M14), pirizidilol 
dihydrochloride (85MI26), a triazolopyridazine (86MI17), LY195115 (a 
pyridazinyl indolone) (86MI22), a pyridazinyl 1,4-benzodioxan derivative 
(87MI3), and, of CI-930, an aryl 3(2// )-pyridazinone (87MI9) were re¬ 
ported. 


III. Transformations of Pyridazines 

A. Reactions on the Ring Carbon Atoms 

A great majority of reactions involving pyridazine carbon atoms are 
alkylations and arylations. Cross-coupling reaction between chloropyrida- 
zines and Grignard reagents in the presence of nickel-phosphine com¬ 
plexes as catalysts afforded alkyl- and arylpyridazines in various yields. 
Methylmagnesium iodide showed higher reactivity than ethylmagnesium 
iodide. Otherwise unaccessible naphthyl- and thienyl-pyridazines have 
been prepared in this manner (78CPB2550). Methylation was successful 
also via reaction with dimethyl- and pentamethylcuprates (85JPR536). 
Alkylation and arylation with Grignard reagents were reported (77MI2; 
85JHC927). 6-PhenyI-2-(p-toluenesulfonyl)-3(2//)-pyridazinone reacted 
with 10 equimolar amounts of methylmagnesium iodide at room tempera¬ 
ture to give 5-substituted 4,5-dihydro derivatives 56 together with 1,2- 
dihydro- ( 57 ) and 2,5-dihydro derivatives 58 , the ratio of these products 


Me 



(56) 


(57) 


(58) 
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being dependent on the reactions. With other Grignard reagents, only 
5-substituted 4,5-dihydro-3(2//)-pyridazinones were isolated (85JHC927). 

Aromatic aldehydes react with 4,5-dihydro-6-methyl-3(2//)-pyrida- 
zinone in basic medium to give 4-arylmethy! derivatives [80IJC(B)203]. 
Also, the benzylidene derivative of 3-hydrazinopyridazine, when heated 
at 250°C in the presence of sodium ethoxide, is transformed into a mixture 
of six compounds, two of them being 3-ethylamino- (25%) and 3- 
amino-pyridazine (4%) (78KGS1120). 6-Aryloxy-4,5-dihydro-3(2/f )- 
pyridazinones were condensed with aldehydes to give the corresponding 
4-alkyl or 4-arylalky! derivatives (78IJC(B)631 ]. Nitromethane or nitro- 
ethane were also found to be alkylating agents, and various 3(2/f )-pyrida- 
zinones were alkylated in the presence of a basic catalyst to give the 
corresponding 5- or 4-methyl (ethyl) derivatives in variable yields 
(77CPB1856). 

Esters of pyridazinyl-3-acetic acid 60 can be prepared when, for exam¬ 
ple, 3-methoxypyridazine 1-oxide reacts with methyl /3-aminocrotonate in 
the presence of benzoyl chloride to give 59. Since /3-aminocrotonic esters 
are tautomeric with the imines of acetoacetic esters, mild acid hydrolysis 
converts them into the corresponding acetoacetic ester and then to ester 60 
(78JHC1425). 



“O 


(59) (60) 

4,5-Dihydropyridazine-3,6-diones have reactive methylene groups, and 
they react with aromatic aldehydes to give 4,5-bis-arylidene derivatives 
(86JPR932; 87JPR525). Pyridazines have been shown to undergo 1,3- 
dipolar cycloaddition with diazomethane [82H( 18)175; 88H1431], 

There are many examples of arylation or heteroarylation of pyridazines. 
Pyridazine or its 3-phenyl analog, when treated with phenyllithium, yields 
adducts almost exclusively at positions 3 or 6. However, in the presence 
of a complexing agent such as N,yV,N',N'-tetramethylethylenedia- 
mine (TMEDA), a mixture of adducts at positions 3 and 4 in the ratio of 
1:4 is formed. Upon hydrolysis, dihydropyridazines 61 are obtained 
(78RTC116). Mono-, di-, and tri-substituted 3(2//)-pyridazinones react 
similarly. The 6-aryl analogs gave 6,6-diaryl derivatives 62 , and the 4- 
phenyl derivative reacted similarly. From 6-aryl-2-phenyl derivatives, the 
2,6-diphenyl compounds 63 were obtained, but with Grignard reagents, 
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< 61 > (62) (63) (64) 



(65) (66) 


position 4 was attacked to give 64 . From 6-aryl-2,4-diphenyl analogs with 
both reagents, the 2,3,3,4,6-pentaaryl derivatives (e.g. 65 ) were obtained 
(80S457) as main products. 6-Aryl-4-phenyl-4,5-dihydro derivatives reac¬ 
ted with phenyllithium by 1,2-addition, the substituent enters at position 6 
to give 66 (80JPR617). Substituted 3(2//)-pyridazinones are transformed 
with Grignard reagents into 3-alkylated or 3-arylated products (85MI28). 

Thienylpyridazines were prepared from 2- or 3-thienyllithium and py- 
ridazine. In diethyl ether, the thienyl ring is attached at position 3 to give 
first the corresponding 2,3-dihydro derivatives accompanied by a small 
amount of 1,4-dihydro isomers, whereas in tetrahydrofuran and at low 
temperature, position 4 of the pyridazine ring is attacked. Aromatization 
can be achieved with various oxidants, preferentially with chloranil 
[81JCR(S)104; 82CJC2668], 

Phenylmagnesium bromide has been used to introduce a phenyl group in 
various substituted pyridazinones [80MII2; 81IJC(B)502, 81 MI 12], 

An interesting example of carbon-carbon bond formation represents the 
reaction between 3(2//)-pyridazinone and pyridine N-oxide in the presence 
of platinized palladium-carbon catalyst at 150°C to give, in 2% yield, 
6-(pyridyl-2' )-3(2// )-pyridazinone. Pyridazine itself did not react 
(78YZ67). 4,5-Diacylpyridazines were prepared from pyridazine and the 
corresponding aldehydes according to the Minisci reaction (78M63). 

There are also some reports on amination. It was found that an effective 
reagent for direct amination of pyridazines is KNH 2 /NH 3 /KMn0 4 . 4- 
Aminopyridazine is thus obtained in an excellent yield (82JHC1285). 3- 
Phenylpyridazine, with the same reagent, gave a mixture of 4-amino 
(49%), 5-amino (18%) and 6-amino (5%) derivatives (82JHC1285). 4- 
Nitropyridazines were aminated by liquid ammonia and potassium per¬ 
manganate to give 5-amino derivatives. 4-Cyanopyridazines are aminated 
only in the presence of sodium amide, liquid ammonia, and permanganate 
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to also give the 5-amino derivatives (88JHC831), and 4-nitropyridazine 
1-oxides react in the same way. 3-Methoxy and 3,6-dimethoxypyridazines 
give the corresponding 4-aminopyridazines, and in addition, dimerization 
took place to give 3,3'-dimethoxy-4,4'-bipyridazine in 23% yield 
(86JHC621). It was found that 6-aryl-3(2//)-pyridazinones react on pro¬ 
longed heating with hydrazine hydrate to give 4-amino derivatives. Maleic 
hydrazide, however, is transformed into 4-hydrazino derivative 
(84H1801). Benzylidene derivative of 6-chloro-3-hydrazinopyridazine, 
when heated with sodium ethoxide at 300°C for 15 min, afforded 3-amino- 
6-chloropyridazine in 18% yield (78KGS1120). 

In addition to the traditional introduction of a halogen atom via a lactam 
group, maleic hydrazide was transformed into 3,6-dichloropyridazine with 
thionyl chloride or thionyl chloride and methyl sufonyl chloride 
[87CI(L)694], Bromine in glacial acetic acid has been found to add at the 
4,5-double bond of l,2-disubstituted-3,6-pyridazinediones (82MI5). 

An interesting reactivity is observed with 2//-cyclopenta(d)pyridazine 
and its 2-methyl and 2-phenyl analogs. Monochlorination of these com¬ 
pounds revealed the relative reactivities are 7,1 : 1,7: 1 [78H( 11)155]. If the 
cyclopentyl part is substituted with chlorine atoms, the 2-methyl com¬ 
pounds are transformed with /V-chlorosuccinimide (NCS) into the 2- 
chloromethyl derivative (80JOC1695). In contrast to other perfluo- 
roazines, perfluoroalkylpyridazines, when fluorinated with cobalt trifluo¬ 
ride, lose nitrogen to give perfluorinated olefins [81 JCS(P1 )2059], 

A direct introduction of a cyano group in the pyridazine ring was also 
studied. Pyridazine or its 3- and 4-methyl analogs react with trimethylsilyl 
cyanide and tosyl chloride to give 2,3-dihydro derivatives which are trans¬ 
formed with l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) into the corre¬ 
sponding 3- (or 6-) pyridazinecarbonitriles (86H793). Alternatively, 6-aryl- 
3(2//)-pyridazinone or its 4-chloro analog, after treatment with potassium 
cyanide in dimethyl sulfoxide, yield the same 4,5-dicyano derivative 
(86JHC1515). 


B. Reactions at the Ring Nitrogen Atoms 

Protonation and basicity studies are reported in Section IV,B. Al¬ 
kylations, like methylation, which proceed in the case of pyridazinones as 
N- and/or O-methylation, are treated in Section III,C. Only N-alkylations 
are mentioned in this section. 

An interesting case of N-oxidation is given by [2.2](2.5)furano(3,6)py- 
ridazinophane ( 67 ). Oxidation with m-CPBA gave the chiral N-oxide 68 
together with a smaller amount of diketone 69 , resulting from furan ring 
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cleavage (80JOC4584). N-Amination of maleic hydrazide with hydrox- 
ylamine-O-sulfonic acid was reported (83MI24). 

3-Alkynyl pyridazines, with m-CPBA exclusively, gave the 1-oxides. It 
is suggested that the alkynyl group at position 3 of a pyridazine acts as an 
electron-withdrawing group and reduces the nucelophilicity of the N-2 
atom [78H( 19)1397; 80CPB3488]. 

3(2 H )-Pyridazinones are N-alkylated under phase-transfer conditions to 
give 2-substituted products (81S631). Reactants include dimethyl sulfate, 
ethyl bromoacetate [801JC(B)203], ethyl chloroformate (84JPR599), phe- 
nacyl bromide (77MI6), or with chloroacetonitrile (87M15). They are vinyl- 
ated (80KGS394) and also react with vinyl cyanide (79RRC899). At the 
same position, hydroxymethylation (81MI13) or a Mannich reaction 
[771JC(B) 1025; 85MI14] takes place. 3-Phenylpyridazine was treated with 
p-bromophenacyl bromide and, upon dehydrobromination, the corre¬ 
sponding phenacylide was obtained (79M17). 4,5-Diamino-3(2//)- 
pyridazinethione, when treated with an excess of methyl iodide gave 
mixed products of S-methylation and quatemization at position 1 (81H9). 

Pyridazine analogs of naturally occurring nucleosides were synthesized, 
the sugar moiety being attached at position 2 of the 3(2//)-pyridazinone 
ring (82JMC813; 83JHC369; 86UKZ1087; 87UKZ1099). Alkylation was 
achieved either with acetobromo sugars or with 1-O-acetyl derivatives by 
a stannic chloride catalyzed procedure (82JMC813). 

The first example of a mesoionic pyridazine was found during a me¬ 
tabolite study of 4-cyano-3(2//)-pyridazinone. The isolated mesoio¬ 
nic compound 70 was synthesized at low temperature as indicated. 
When the reaction mixture was heated, the normal N2-riboside ( 71 ) 
was formed. A series of analogous compounds were prepared. Both 
types of nucleosides are highly sensitive to base, and deblocking of 
acetyl groups could be achieved with methanolic NaHC0 3 (84CC422, 
84JMC1613). 
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C. Reactions of Functional Groups 

In general, halogen atom replacement reactions still constitute the most 
useful way of introducing various functionalities in the pyridazine ring. 
These transformations will be reviewed first, although those reactions that 
give the corresponding amino, hydrazino, thio, and related functional 
groups will be mentioned later when these groups are discussed. 

As already known, a halogen atom at position 4 in the pyridazine ring is 
more reactive towards nucleophiles then one at position 3. This has been 
confirmed also with 3,4-dichloro-5,6-diphenylpyridazine and various nu¬ 
cleophiles (81MI2). The high reactivity of 6-halo-1,3-dimethylpyridaz- 
inium halides or phosphorodichloridates has been used to prepare alkyl 
halides from alcohols (80S746). 

Chlorination of pyridazinones into halopyridazines by means of phos¬ 
phorus oxychloride remains the method most used (79MI5; 80NKK33; 
81MI21; 82MI6), although chlorosulfonyl isocyante or chlorocarbonyl iso¬ 
cyanate were also successful (86SC543; 87OPP80). 4,5-Dihydro-6-phenyl- 

2- (phenylmethyl)-3(2//)-pyridazinone, when treated with phosphorus 
pentachloride, afforded 3,4-dichloro-6-phenylpyridazine and ~10% of the 

3- chloro analog. Evidently the reaction proceeded not only by introduc¬ 
tion of the chloro atom, but also with dehydrogenation and debenzylation 
(83JHC1473). Bromination of a 3-hydroxypyridazine I-oxide with bromine 
in water yielded the 4-bromo derivative (78CPB3884). Iodinated pyrida- 
zines were prepared from the chloro analogs with either sodium iodide 
(77AJC2319) or iodine and ammonium persulfate, but in this case, the 
benzene ring was iodinated preferentially (87SC1907). 3-FIuoro-6- 
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methylpyridazine was obtained from the 3-amino precursor with flu- 
oroboric acid and sodium nitrite, but is quite unstable (77AJC2319). 
Dehalogenations are performed catalytically as in the case of 3,6- 
dichloro-4-pyrrolidinopyridazine (78T2069). 

In a cross-coupling reaction of 3- or 4-chloropyridazines and trimethyl- 
silylacetylene in the presence of Pd(PPh 3 ) 2 Cl 2 -CuI as catalyst, the tri- 
methylsilyl derivatives were obtained (82S312). The same transformation 
with monosubstituted acetylenes afforded 3-alkynylpyridazines or their 

1- oxides (80CPB3488). In a modified approach (Sonogashira method) 3- 
chloro- (or iodo) pyridazines or their 1-oxides can be alkynylated by 
monosubstituted acetylenes using Pd-phosphine complex and diethyla- 
mine [78H(19)1397]. 3,6-Dichloropyridazine can be monocyanomethy- 
lated by sodium derivatives of cyanomethyl compounds (82ZVK591) and 
with a Grignard reagent prepared from 2-bromothiophene. The 3,6- 
dithienyl-2'-pyridazine was prepared in good yield (85JHC719). 

3.4.6- Trichloropyridazine is converted, upon dimethylation, into a 6- 
chloro-3,4-dimethoxy derivative, a molecular complex of the latter com¬ 
pound, and 3-chloro-4,6-dimethoxypyridazine in a ratio of 1:1. The 
complex had been described previously as pure 3-chloro-4,6-dimeth- 
oxypyridazine (68MI5) and could not be separated into components 
(87CPB350). On the other hand, methoxylation of 3,4,5-trichloropyrida- 
zine with an equivalent amount of sodium methoxide afforded three mono- 
methoxy derivatives, i.e., 3-, 4-, and 5-methoxy-dichloropyridazines in the 
ratio of 1 : 3 : 6 (87CPB421). 

From 4- or 5-bromo- (or -chloro)- 3(2//)-pyridazinones and alcohols, 
several alkoxypyridazinones were prepared by phase-transfer catalysis. 
4-Halo derivatives reacted slower than 5-halo analogs (81MI8). In the case 
of 4,5-dihalo compounds, substitution is regioselective, and 5- and 4- 
alkoxy derivatives are formed in ratio of 9:1 (85LA1465). 

3.6- Dichloropyridazine was transformed with sodium 2,2,2- 
trifluoroethoxide into mono- or di-alkoxy derivatives, but with other 
sodium fluoroalkoxides, polysubstitution occurred (85CJC3037). 4,5- 
Dichloro-2-methyl-3(2//)-pyridazinone was used to prepare herbicidal py- 
ridazino-1,2,4-triazines (87MI16). 

3,4,5-Trichloropyridazine, with the sodium salt of o-(/>-tolylamino- 
methyl)phenoxide in addition to the expected ether (reaction at position 4), 
gave the N-pyridazinyl derivative 72 in a ratio of about 4:1 (79KFZ34). 

2- Aryl-4,5,6-trichloro-3(2//)-pyridazinones with hydroxide gave the 5- 
hydroxy derivative (79MI3), and 3-chloropyridazines reacted with phenols 
(80MI21). 

Methylation of 3(2//)-pyridazinones afforded mainly a mixture of N- 
and 0-methyl derivatives. This is the case with diazomethane (79MI2), but 
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p-tolyl 



(72) 

methylation of 4-nitro-5,6-diphenyl-3(2//)-pyridazinone with methyl io¬ 
dide gives a mixture of the (V-methyl derivative and the 2-methyl- 
4-methoxy derivatives, indicating a facile displacement of the nitro 
group (80MI2, 80MI3). Methylation of 4-hydroxy-5,6-diphenyl-3(2//)- 
pyridazinone afforded four products (80MI3). Methylation of monochlo- 
romaleic hydrazide afforded mainly the 0-methyl derivative (87MI23). An 
interesting case is methylation of 3(2//)-pyridazinone 1-imides. The un¬ 
substituted compound was transformed with diazomethane into JV-methyl 
derivative 73 , whereas the 6-methyl analog yielded 0-methyl derivative 74 
(85CPB3540). 



Protected /3-D-ribofuranose and 3(2//)-pyridazinones gave the N- 
glucosides, whereas 4-amino-3-chloro-6(l//)-pyridazinone afforded the 
0-glycoside (87MI27). In the formation of pyridazine cyclonucleosides, 
either the 2'- ( 75 ) or 5'-hydroxy group ( 76 ) was involved in ring formation 
(83JOC3765). 



(75) 
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Alkylations with triethyloxonium tetrafluoroborate (82ZOR1557; 
84ZOR1760), dialkyl sulfates, ethyl chloroacetate (81RRC1285; 84MI9; 
86MI23), or allyl bromide (82MI17) were reported. Several papers 
describe alkylation or arylation of the N-side-chain of pyridazinium 
ylides (77MI9, 77MI10; 78MI11; 79MI25). Thermal decomposition of 3- 
ethoxypyridazines was studied with regard to decomposition rates of 
ethene and pyridazinones [86JCS(P2)1255]. 

There are many examples of modifying the carbon side chain. Alkylpy- 
ridazines can be lithiated at the side chain with LDA and subsequently 
alkylated or acylated (78CPB2428, 78CPB3633; 80YZ774). With ketones, 
the otherwise unaccessible tertiary alcohols are formed. These reverted to 
methylpyridazines and ketones under the influence of a base, but upon 
heating in neutral solvent, the corresponding pyridazinylethenes were 
formed (79CPB916). Substituted pyridazinylethenes were also prepared 
from 3- or 4-methylpyridazines and aromatic or heterocyclic aldehydes 
(78JHC749 ; 80AP53; 82MI11), sometimes in low yield. 3-Methylpy- 
ridazine, when hydroxymethylated and then thermally dehydrated, af¬ 
forded 3-vinylpyridazine (85CC1632). 

A new approach for introducing a carbon side-chain at position 3 in the 
pyridazine ring is displacement of a methylthio group of quaternized py- 
ridazine with reactive methylene compounds to give 77 (79TL4837). Alter¬ 
natively, a 3-chloropyridazine reacts with dimethylsulfoxonium methylide 


R 2 



(77) 


to give pyridazine methylide 78 . When this is acetylated and desulfurized 
with Raney nickel, the corresponding alcohol ( 79 ) is obtained. This 
contrasts with other azinyl methylides which are transformed into the 
acetonyl derivatives under these conditions (81CPB2837). 



CH 2 SOMe 2 



(78) 
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Resonance-stabilized anions are also obtained if methyl groups at po¬ 
sitions 1 or 4 in the pyridazine part of 2//-cyclopenta[d]pyridazine are 
deprotonated [78H(11)387]. Pyridazinium ylides readily undergo 1,3- 
dipolar cycloaddition reactions [77CPB192; 79H(12)661; 81JCS(P1)73; 
87BCJ3645]. 

Pyridazine 3-carbaldehyde can be prepared from 3-hydroxymethylpy- 
ridazine by oxidation with selenium dioxide (82BSB153). Its 2-oxide was 
obtained similarly (78JMC1333). Contrary to aromatic aldehydes, py- 
ridazine-4-carbaldehydes behave differently under the reaction conditions 
typical for benzoin condensation or cyanhydrin formation. In the first 
case, a crossed Cannizzaro reaction takes place and, with an equivalent 
amount of hydrocyanic acid, compound 80is obtained. This is transformed 
with acetic anhydride into a mixture of E- and Z-isomers of 81 . On at¬ 
tempted chromatographic separation, the mixture is converted into methyl 
4-pyridazinecarboxylate (78JHC637). 



COMe 


Both 3- and 4-pyridazinecarbaldehyde undergo Wittig reactions, and the 
corresponding franj-/3-pyridazinylpropenals were prepared (82AP175). 
An aldehyde group reacted normally with a reactive methylene group as 
shown in the reaction with l-acetyl-3-indolinone (83JHC101). 

The trimethylsilyl ester of 3-pyridazinecarboxylic acid reacts with al¬ 
dehydes and ketones through ipso substitution of the ester group to give 
82 . The silyl group can be removed in hot ethanol or with pyridinium 
trifluoroacetate to give 83 (88T3281). 

o-Aroylpyridazinecarboxylic acids react with thionyl chloride to give 
corresponding lactones 84 , which are transformed by ring opening to the 
corresponding amides or azides ( 85 ) (85LA167). 



414 


MIHA TlSLER AND BRANKO STANOVNIK 


[Sec. III.C 


R' R' 



4,5-Pyridazinedicarboxylic acid anhydride reacts smoothly with various 
1,3- or 1,4-difunctional nucleophiles to give spiro compounds 86 (reaction 
with thioureas) [84JCS(P1)2491], 



(86) 


The general method of introducing an amino functionality in the pyrida- 
zine ring, i.e., by replacement of a halogen atom, was used in many cases. 
Transformations involved primary or secondary amines or ammonia 
[77CPB1708; 81IJC(B)78, 81SC835; 83JCR(S)37; 84MI19; 85ACH177, 
85MI13; 87API222; 88JHC119] or heterocyclic amines [81IJC(B)1084, 
81JHC803; 83H765; 85FES517], 3,4,5-Trichloropyridazines react with cy¬ 
clic secondary amines to give either 5-mono or 3,5-disubstituted products, 
depending on reaction conditions (84JHC1389). Although 5-bromo-l-(p- 
bromophenyl)-2-methyl-3,6-pyridazinedione was known to react with 
some amines to give products of cine substitution, with morpholine, the 
normal substitution product was obtained (81JHC1109). Dichloromethoxy- 
pyridazines react with primary or secondary amines, for example with 
morpholine, to give substitution and demethylation products 87 and 88 
(87H1). 
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A peculiar case was observed when 3-chloro-4-methyI-6-phenylpyrida- 
zine reacted with primary aliphatic amines. The autocatalyzed reaction 
proceeds some hundred time faster than the noncatalyzed reaction. A 
mechanistic interpretation is proposed (83NJC667). Also, 4-cyano-3,6- 
dichloropyridazine, when treated with primary amines at 0°C, did not 
afford the 3- or 6-amino derivatives, but rather, afforded the 5-amino 
derivatives (77CPB1708). Perfluoro-3,5-diisopropylpyridazine reacted 
with dimethylamine to give substitution product 89 which, on standing, 
transformed into bicyclic product 90 . This transformation is accelerated by 
water (82CC1412). 



There are also examples of formation of an amine group by Hofmann 
degradation (81JHC1465) or by amination of pyridazinones with benzyla- 
mine and octamethylcyclotetrasilazane (via a silylated intermediate) 
(84CB1523) with an azirine (78HCA2116) or with pyrrolylmagnesium bro¬ 
mide (79RRC453). 

Aminopyridazines or their N-oxides can be further functionalized on the 
amino group to give useful synthons, mainly for formation of bicyclic 
products (for reviews, see 83H1591; 85MI32). In this manner, an amino 
group can be transformed with amide acetals into amidines 91 , amidox- 
imes 92 , (which can be dehydrated into cyanoamino derivatives 93 ), or 
simultaneously methylated to 94 . Hydrolysis of the latter affords the sub¬ 
stituted urea derivative 95 , and either hydrolysis of amidine 91 or for- 
mylation of the aminopyridazine give formylamino compounds 96 
(81H2173; 82JHC577; 84H1545, 84MI10; 85M1447; 86M221,86S807). The 
formylamino group can be reduced into the methylamino group with 
borane-methyl sulfide (85H2651). 
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-N-CN -— -N-CONH 2 

Me Me 

(94) (95) 

The amino group of 5-aminopyridazin-4-yl-o-f!uorophenyl ketone was 
converted into the methylamino or ethylamino group by treatment with an 
ortho ester, reduction with NaBH 4 , and subsequent oxidation with per¬ 
manganate [88JCS(P1)401]. 3-Aminopyridazine and its 6-chloro analog 
react with chloroketene diethyl acetal in ethyl acetate to give a chloro- 
imidate intermediate which reacted with another molecule of the amine 
to give 97 (88T3149). Aminopyridazines have been acylated by pro¬ 
tected allonic acid [84JCS(P1)229] to give further C-nucleosides or a 
1,2-benzothiazin-l,l-dioxide-3-carboxylate (78LA635). 1-Pyridazinylpy- 
razoles were acylated in the pyrazole ring (80JHC781). With isothio¬ 
cyanates and isocyanates, the corresponding (thio)ureas were prepared 
(77MI11; 87H689). 


R 




(97) 

Stable diazonium salts were obtained upon nitrosation of 5-amino-2- 
phenyl-4-chloro-6(l//)-pyridazinone 98 , whereas the diazonium salt pre¬ 
pared from 4-amino-5-chloro analog 99 is unstable and highly reactive 
(83M115). Diazotization of 5-aminopyridazin-4-yl-p-chlorophenyl ketone 
gave the corresponding 4-one [86JCS(P1)169]. 
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Reaction of halopyridazines with hydroxylamine to give hydroxyla- 
minopyridazine has been achieved only with activated compounds 
[79H( 12)1157, 79JHC861]. This has been ascribed to the low nucleo- 
philicity of hydroxylamine when compared to that of amines or hydra¬ 
zines. A 3-hydroxylamino group reacted with bromoacetaldehyde at room 
temperature to give the first example of an imidazo[l,2-b]pyridazine 1- 
oxide (81T1787). 

Most hydrazinopyridazines were obtained by substitution of a halogen 
atom with hydrazine [78IJC(B)1000; 81M122; 85ACH221] or with ethyl 
hydrazinecarboxylate (81S608). By the l5 N-labelIing technique, it could be 
demonstrated that displacement of the halogen atom in 3-halopyridazines 
with hydrazine occurs both by the normal Sn reaction (100) and also by the 
ANRORC mechanism (30%) to give 101 (83JHC1259). The hydrazino 
group was used to construct heterocyclic rings such as pyrazoles [80- 
JHC1527; 81M118; 821JC(B)3I7; 83JHC193; 84H513,84JMC1077; 86JHC- 
193] or pyridazines [781JC(B)1000; 81M118; 82IJC(B)317; 84JMC1077]. 



( 101 ) 


3-Hydrazinopyridazine was transformed into pyridazine by the aza- 
transfer reaction with tosyl azide (78TL3059). Hydrazinopyridazines react 
with ethoxycarbonylisothiocyanate to give the corresponding thio- 
semicarbazides (88M83). They react with 2-chlorosulfonyI acetate to also 
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give, in addition to the expected sulfonyl derivative, the pyridazinylhydra- 
zone of glyoxylic acid (80ACH405). Hydrazones were prepared (80MI16), 
and reaction with diethyl pyrocarbonate gave the more stable ring ethoxy- 
carbonylated derivatives 102, although in one case, the side-chain substi¬ 
tuted derivative 103 was obtained [8IACH205; 82ACH(109)237]. Oxida¬ 
tion of ethyl pyridazine-3-hydrazinecarboxylates by air in the presence of 
palladized carbon gave the corresponding ethyl pyridazinediazenecar- 
boxylates (81S608). 


j^Y nh -N=CRR’ (EtCOO) 2 Q [ 


N—N=CRR 
•COOEt 


COOEt 

n-n=crr’ 


( 102 ) 


(103) 


An azido group was introduced into the pyridazine ring using an aza- 
transfer reaction with some diazonium or diazo compounds (81M124). The 
Curtius rearrangement was used to convert the azido into the amino group 
(85LA167). 4-Azidopyridazine 1-oxides, when treated with potassium 
cyanide, were transformed into the corresponding 4-(3-cyano-l- 
triazeno)pyridazine 1-oxides. In hot ethanol, the cyanotriazeno group is 
split off, and in hot hydrochloric acid, it is replaced with a chlorine atom; 
4-aminopyridazine 1-oxides were also formed (80CPB529). 

The first synthesis of pyridazine-3,4,6-trithiol was achieved from 3,4,6- 
trichloropyridazine and thiourea (78AJC389). This method was used also 
in another case (80S410) and the thiophenyl group was introduced with 
thiophenol alone (85MI25) or under phase-transfer catalysis (PTC) in the 
presence of 18-crown-6 (87AP1222). Depending on the reaction condi¬ 
tions, 3,4,5,6-tetrafluoropyridazine reacted with thiocarbonyldifluoride as 
a gas, or as its liquid trimer, in the presence of cesium fluoride to yield 
selectively a 5-trifluoromethylthio- or 4,5-bis-trifluoromethylthio deriv¬ 
ative [88JCS(P1)1179]. Thiation of pyridazinones was successful with 
Lawesson reagent [80ACS(B)597; 82H(19)2283]. 

3-Chloro-4,5-diaminopyridazine, when treated with sodium methylmer- 
captide, did not afford the anticipated 3-methylthio derivative, but rather, 
a mixture of imidazo[4,5-t/]pyridazine derivatives. The extra carbon atom 
needed for the formation of the imidazole ring originated from DMF, 
which was used as solvent (81JHC303). In an alternative approach, 4,5- 
diamino-3(2//)-pyridazinethione was treated with methyl iodide, but in 
this case, 4,5-diamino-l-methyl-3-(methylthio)pyridazinium iodide was 
formed. The required 3-methylthio compound was obtained only when an 
exact amount of methyl iodide was used (81JOC2467). 
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6-Chloro-3(2// )-pyridazinethione with )V,Ar-dimethylformamide-di- 
methyl acetyl (DMF-DMA) gives the S-methyl derivative (81AJC1729), 
whereas pyridazinethiones react with 3,6-dichloropyridazine to give the 
double substituted product (78JOC1190). A 3-acylmethylthio group in 
pyridazines can be replaced with an ethoxy group, but the phenacylthio 
group was transformed with DMF and potassium carbonate, with extru¬ 
sion of sulfur, into an acylalkylidene ( 104 ) (83T2295). 



(104) 


D. Radical Reactions 

Pyridazine and its derivatives were alkylated homolytically, and the 
methyl or alkyl radicals were generated by oxidative decarboxylation of 
acetic and other carboxylic acids. Substitution occurred mainly at po¬ 
sitions /3 to the nitrogen atoms, and regioselectivity is lower when com¬ 
pared to homolytic benzylation or acylation of pyridazines (84H1395; 
880PP117). Pyridazines also react with 1,3,5-trioxanyl radicals generated 
from 1,3,5-trioxan and in the presence of ferrous sulfate and hydrogen 
peroxide in acid solution. Pyridazine gave a mixture of the 4-mono and 
4,5-disubstituted products, the former being hydrolyzed into 4- 
pyridazinecarbaldehyde (80JHC1501). The orientation of radical attack at 
pyridazines differs significantly from that of other ir-deficient nitrogen 
heteroaromatics (87H481). Several examples of alkoxycarbonylation of 
pyridazines were elaborated [85AG(E)692, 85T1199; 87H731; 88T2449], 
Homolytic acylation of ethyl 4-pyridazinecarboxylate yielded the corre¬ 
sponding 5-acyl derivatives. After hydrolysis and decarboxylation 4- 
acylpyridazines are obtained (79M365; 83AP508). 

Pyridazine and its derivatives were substituted with nucleophilic radi¬ 
cals. They react either with 1-formylpyrrolidine or with /V-acetylproline in 
the presence of radical generators to give 5-substituted pyridazines 
(78TL619; 86MI6). Also, reactions of 3-chloro-6-methoxypyridazine with 
ketone enolates in liquid ammonia show typical characteristics of a radical 
chain (S RN 1) mechanism, and ketones 105 are obtained (81JOC294). 

1,2,3,6-Tetrahydropyridazines were shown to undergo radical addition 
of thioacetic acid to the 4,5-double-bond to yield the corresponding 4- 
thioacetoxy derivatives (80JHC1465). One electron oxidation of maleic 
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hydrazide generated a cyclic a-carbonylhydrazyl as determined by elec¬ 
tron spin resonance (ESR) spectra. Because of this ready oxidation to a 
radical, it is possible that maleic hydrazide plant growth inhibition activity 
is connected with such an intermediate (79TL2821). 


E. Oxidations and Reductions: Reduced Pyridazines 

For the synthesis of aromatic pyridazines, reduced pyridazines were 
oxidized preferentially with bromine, but the use of m-nitrobenzenesul- 
fonic acid (78JHC881) or selenium dioxide [82IJC(B)371] were also re¬ 
ported. Iodine (87MI11) or electrochemical oxidation (84CC1627) gave 
polypyridazine. When 3,6-disubstituted pyridazines are oxidized by mo¬ 
lecular oxygen under basic conditions in dimethyl sulfoxide and at room 
temperature, the corresponding maleic acids were isolated. This trans¬ 
formation is accompanied with chemilluminescent light emission 
[82H( 19)1415; 84MI25], Maleic hydrazide, when oxidized to 3,6- 
pyridazinedione, undergoes cycloaddition with ergostatrienes (81ZOR- 
1909). 

6-Aryl-3(2//)-pyridazinones are selectively reduced with zinc dust in 
acetic acid into the 4,5-dihydro compounds (84CC1373), and these can be 
reduced to the hexahydro derivatives by means of LiAlH 4 (80KGS1287). 
Whereas the vinyl group of l-vinyl-3-methyl-6(lH )-pyridazinones is re¬ 
duced by Et 3 SiH/CF 3 COOH or catalytically over Pt catalyst, the corre¬ 
sponding 1-allyl derivatives are reduced only in the presence of Pt catalyst 
(79IZV803). 3(2//)pyridazinone-6-carboxylic acid, when catalytically re¬ 
duced in the presence of D 2 was transformed into deuterated glutamine- 
2,3,4- 2 H 3 in moderate yield (81MI25). 

Some pyridazines were investigated by cyclic voltametry and/or pre¬ 
parative scale electrolysis to give mixtures of reduced compounds 
[77NKK990; 81 ACS(B)185], The half-wave potentials of some 3(2//)-py- 
ridazinones were determined at different pH and correlated with Hammett 
o--constants (77KGS668). Maleic hydrazide is stable, but reduced pyrida¬ 
zines undergo reductive N—N bond cleavage upon electroreduction (78- 
LA 1505). 

With molybdenum(III) species, pyridazine A/-oxides are deoxygenated 
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(80S 129), and 3-hydrazinopyridazines are reduced to the corresponding 
amines (80S830). With nickel-aluminum alloy in potassium hydroxide 
solution, reduction proceeds with N—N bond cleavage to the 1,4- 
diaminobutanes (87JOCI043). Similarly, 1,2,3,6-tetrahydropyridazines 
were cleaved hydrogenolytically and transformed into a derivative of 
2,5-diamino-2,5-didesoxyribose (80LA1307). 

Pyridazine or 3-methylpyridazine with trimethylsilyl cyanide and ben¬ 
zoyl cyanide gave Reissert compound 106, which is easily rearranged into 
107. In addition, compound 108 is formed, resulting from the reaction of 
one mole of cyanide and three moles of benzoyl chloride (81JHC443; 



COPh COPh COPh 


( 106 ) ( 107 ) ( 108 ) 

85JHC1543). Also, the adduct of methyllithium and pyridazine, when 
treated with electrophiles such as methyl iodide, methyl chloroformate, or 
tosyl chloride is transformed into 2-substituted 3-methyl-2,3-dihydropy- 
ridazines (80RTC234). 

When 1 -phenylthiocarbamoyl-2-phenyl-6-methylhexahydropyridazine 
was treated with hot hydrochloric acid, a tetrahydropyridazine (most 
probably 1,4,5,6-tetrahydro) was obtained, among other products, as re¬ 
sult of elimination (80KGS228). 


F. Ring Opening and Rearrangements 

Thermal decomposition of 3,4,5,6-tetrahydropyridazines gives various 
carbon fragments. The process implies 1,4-biradical intermediates 
(79J A2069; 80JA3863), and a linear relationship was observed between the 
solvent polarity and the rates of thermal decomposition (78CB596). Simi¬ 
larly, perfluoroalkylpyridazines with CoF 3 -CaF 2 , give perfluoro-alkanes 
and -alkenes (78CC304). 3(2//)-Pyridazinone is degraded by a Myco¬ 
bacterium that uses it as a sole carbon source (80MI19). 

Pyridazine N-oxides undergo ring opening with Grignard reagents 
[79JCS(P1)2136; 83TL489] or with tosymethyl isocyanide (TOSMIC) and 
butyllithium (80TL3723) to give polyunsaturated aliphatic compounds. 
Under conditions of flash vacuum pyrolysis, pyridazine N-oxides are 
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transformed at 750°C into aliphatic nitriles, pyrroles, or oxazoles 
(87H2677). Ring contractions to pyrroles were observed when 4,5- or 
1,6-dihydro compounds were reduced with zinc dust in acetic acid 
(84CC1373; 86H101) or when 1,2,3,6-tetrahydropyridazines were treated 
with LDA at low temperature (84TL1769). 

4,5-Diethoxy-3(2//)-pyridazinones are rearranged under the influence 
of sodium ethoxide into 4,5-diethoxypyrazoles (78YZ413), and these are 
also formed from aryl(4-pyridazinyl) methanols after treatment with p- 
toluenesulfonic acid at elevated temperatures (84JHC1727). Diazopy- 
ridazine 109 is converted in the solid state under strictly anhydrous con¬ 
ditions into lactone 110 , which is extremely reactive and, with water or 
ethanol, gives pyrazole 111 [79H( 1 2)457]. 



(109) 1110) R=H,Et 

(ill) 


l,3-Diphenyl-l,4,5,6-tetrahydropyridazine, when heated in PPA, gives, 
as the main product, 4-benzoyl-l,2,3,4-tetrahydroquinoline. This transfor¬ 
mation is assumed to proceed via [3,3]-sigmatropic rearrangement typical 
of the Fischer indole synthesis (84TL3101). When l5 N-labelling was used, 
it was shown that fluorinated pyridazines are thermally rearranged into 
fluorinated pyrimidines and, to lesser extent, fluorinated pyrazines via 
diazabenzvalenes as the most probable intermediates [79CC445,79CC446; 
81JCS(P1)1071]. 

Chloro compound 112 , when treated with sodium methoxide, is methox- 
ylated at the ring ( 113 ); if an ortho methyl group is present, this is methox- 
ylated to give 114 . This transformation is considered to be an allylic rear¬ 
rangement with participation by ir-electrons of the heteroaromatic system 
(84M1171). 



(113) 


( 112 ) 


(114) 
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G. Photochemical Transformations 

Although 3,6-diphenylpyridazine is little affected by photooxidation 
[78IJC(B)980], pyridazine or its 3-methyl derivative gives radicals upon 
photolysis (84JMR334, 84MI3; 85MP1). Irradiation of sterically hindered 
pyridazine 53 gives a very stable 1 ,2-Dewar pyridazine 54 , but flash photol¬ 
ysis causes fragmentation, giving a mixture of small molecules (84CB445). 
Investigation of the photokinetic trans-cis isomerization and cis- 
cyclization of 3- and 4-styrylpyridazines revealed that isomerization runs 
with participation by a triplet state but cyclization runs with participation 
by a singlet state (78T197I). 

Photochemical oxygen transfer from pyridazine A-oxides to oxygen 
acceptors such as cyclohexane, cyclohexene, anisole (8ITL2277, 
81TL3637), or phosphine sulfides [81CI(L)365; 83JCS(P2)1113] has been 
studied. It was suggested that the reaction involves an oxygen atom elimi¬ 
nation to give “oxene,” atomic oxygen, followed by its reaction with 
acceptors. Also, 3(2//)-pyridazinethiones are transformed in a photosen¬ 
sitized reaction into the corresponding pyridazinones (85MI19). Various 
products were obtained upon irradiation of pyridazine 1,2-dioxides, such 
as isoxazolo[5,4-c/]isoxazoles 115 ; from 3-phenyl analogs oxazoles 116 and 
diphenylfuroxan 117 (79TI267) were also formed. 



3,4,5,6-Tetrahydropyridazines resist denitrogenation on radiation at 
350 nm, but at 185 nm from 3,3,6,6-tetramethyl derivative, a mixture of 
isobutene (22%) and 1,1,2,2-tetramethylcyclobutane (12%) was obtained 
(80JA7131). Irradiation of 3-oxidopyridazinium betaines gave fused stable 
diaziridines 118 , whereas 4-oxido analogs are isomerized into pyrimi- 
dinones 119 [77CLI005; 79JCS(PI)1199]. 



(118) 
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(119) 


Pyridazine N-ethoxycarbonylylides, prepared from pyridazines by N- 
amination and subsequent treatment with ethyl chloroformate, are trans¬ 
formed photochemically into 1-ethoxycarbonyl-pyrroles (80CPB2676) 
or 3-pyrrolin-2-one derivatives (85CPB3540). On the other hand, 1,2- 
bis(carbethoxy)pyridazines are transformed photochemically into 1- 
ethoxycarbonylpyrrolin-3-ones (87CBI597). 

Fluorinated or chlorinated pyridazines are photochemically rearranged 
into halogenated pyrazines [78JCS(PI)378; 82JOC398]. Photoaddition of 
olefins to 3(2// )-pyridazinethiones gives the disulfides and also thieno[2,3- 
c]pyridazines, which can be desulfurized to give 4-alkylated pyridazines 
120, thus providing a new C—C bond at position 4 (79MI15; 86CPB3061). 



(120) 


IV. Theoretical Aspects and Physical Properties 

A. Calculations 

Since the crystal structure of pyridazine is unknown, theoretical studies 
were performed and a structure proposed (85JCP5892). Application of a 
new parametric quantum chemical model, AMI, has been applied to py¬ 
ridazine (85JA3902; 88JA6297) for which complete lack of differential 
overlap (CNDO/2) and intermediate neglect of differential overlap (INDO) 
calculations were also performed (78BCJ3443; 79T1595). Perturbation the¬ 
ory and the graph-theoretical definition of resonance energy were applied 
to pyridazine and compared to valence bond calculations. Results are 
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remarkably similar (23 vs. 22 kcal/mol) (78T3419). Simple symmetry- 
dependent rules in conjugated systems were applied to pyridazine 
(79MI33), and excited state and pairing relations in pyridazine were dis¬ 
cussed (82MI16). The SCF-ASMO-LCI method and the Pariser-Parr- 
Pople (PPP) approximation were used to calculate the energy of II —*• n* 
and n —*■ II* transitions and other excited states of pyridazine (79MI23). 
Using ab initio orbital theory at the STO-3G level, the relationship be¬ 
tween the influence of substituents on energy and on proton-transfer equi¬ 
libria for pyridazine were reported (84JA6552). 

Other calculations include charge densities of 4-substituted pyridazines 
(79CPB2105), 3,6-dihydropyridazine and its 3-oxo and 3,6-dioxo ana¬ 
logs [84JCS(P2)1465], geometries and energies of the excited states of py¬ 
ridazine (86MI25), direction of alkylation of 3(2//)-pyridazinones 
(85ZOR2445), adsorption of pyridazine on graphitized carbon black 
(86MI8), and the heats of formation of the ground state of perfluoro- 
pyridazines (84MI6). 


B. Dielectric Properties, Basicity, and Tautomerism 

The dipole moment of pyridazine (4.41 D), dielectric constant, refractive 
indices, density, and partial molar volume were determined (82M11). A 
correlation of the dipole moment with the effect of the pyridazinyl group 
as substituent was given (87KGS672). The relative gas phase and solu¬ 
tion basicity of pyridazine (86JA3237) and 1,2-dimethylhexahydropy- 
ridazine (88JA6303) have been determined. Ionization constants for vari¬ 
ous pyridazines were determined and calculated [78MI13; 85JCS(P2)417; 
85JCS(P2)359], and a correlation of substituent effects on the basicity was 
presented (77MI12). Carbon acidity of 3- and 4-methylpyridazine was 
reported (83ZOR465). 

There are several studies related to tautomerism of pyridazines. It was 
found that 3,6-diphenyl-l,4-dihydropyridazine exists in CHCI 3 solution in 
a 8 : 1 ratio of the 1,4- and 4,5-dihydro forms (83JHC855). Derivatives of 
3-pyridazinylmethanes were investigated for tautomeric equilibria 
(78CPB3633; 83IZVI687, 83MI20; 84KGS832). For 121 , it was found that 
in CDC1 3 30% of the NH form is present (83IZV1687). 



(121) 
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Investigations on 3- and 4-pyridazinyl substituted /3-keto esters showed 
that a nitrogen atom in a y-position enhanced the enol content 
(81KGS530). 

Spiropyridazines 122 and 123 exist in equilibrium with the open-chain 
structures. The sulfur analog of 122 exists in dimethyl sulfoxide 5% in the 
open-chain form (82G249), whereas the nitrogen analog exists almost 
exclusively in the spiro form [80JCS(P2) 1339]. On the other hand, com¬ 
pound 123 exists in chloroform almost exclusively as the open-chain amide 
(79G117). Spectral and dipole measurements show that the hydrazone 
form of 3-chloro-6-hydrazinopyridazine is not present (82KGS1536). 



H (122) 

X = S,NR 



(123) 


Spectroscopic studies of 3-ary 1-5-hydroxy-1-pyridazinyl-pyrazoles have 
shown they exist as hydroxy tautomers (80MI27), while studies of pro¬ 
tonation of 3(2H)-pyridazinone and maleic hydrazide indicate that by 
changing acidity, several neutral and/or cationic species can be present 
(79AJC2297). 

For thiones, the thione form is generally present (86JPR522), although it 
was claimed without proof that 4-arylmethyl-6-methyl-3-mercaptopy- 
ridazine exists in the thiol form (80S410). For pyridazine-3,4,6-trithiol, no 
firm conclusion could be reached about its preponderant tautomeric form, 
but it was concluded that it does not exist in the trithiol form nor as the 
6(1//)- or 3(2// )-thione (78AJC389). 
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The free energies of the rotational barriers of pyridazinylamidines with 
the —C(Me)NMe 2 side chain were determined; they are in the range of 
10-14 kcal/mol, which is lower than similar amidines with a =CHNMe 2 
side chain (78JHC1105). 


C. Spectra 

Many spectra were recorded and correlated in connection with struc¬ 
tural investigations of pyridazines. Pyridazine itself was investigated by 
UV, 1R and Raman spectroscopy. Studies involve the first three n —> IP 
singlet transition energies (80MP519), two nearby electronic states 
(81CL873), gas-phase time-resolved spectroscopy (86JCP1996), an elec¬ 
tric field-induced spectrum (77CPL290), triplet lifetimes in the solid phase 
at low temperature (88CPL286), the contour analyses of type-C bands 
(78JSP394), the vibrational structure of S| electronic states of gaseous 
pyridazine (79MI40), emission spectroscopy of gas-phase pyridazine 
(83JCP4083), and solvent effects on the electronic absorption spectrum of 
pyridazine /V-oxide (82MI9). 

There are also infrared studies of hydrogen-bonded complexes of py¬ 
ridazine and phenols (84JCP2132), complexes of pyridazine with metal(II) 
ions (81JST191), Raman spectra of pyridazine (80MI1; 86JST33), pyrida¬ 
zine adsorbed on silica (78BCJ3063) or on silver electrode (87JCP11), or as 
silver sols (88JCP954). The surface-enhanced Raman spectroscopic re¬ 
sponse of maleic hydrazide was also examined (87MI8). 

Ultraviolet, infrared and 'H-NMR spectra for a number of 1-methyl (or 
phenyl) 4-(or 5-)substituted 4-(or5-)hydroxy-6(l// )-pyridazinones were re¬ 
ported (80CCC127) along with spectral data for 3-methyl-pyridazine 
(83MI1) and 3,6-dichloropyridazine [79PIA(A)279], The pH depen¬ 
dence of the electronic spectra of some pyridazines was measured 
[86JCS(P2)359], and the effect of substitution on the resolved multiple 
peaks in ultraviolet spectra of 6-substituted and 4,6-disubstituted-3- 
chloropyridazines was evaluated (83MU8). Ultraviolet spectra of several 
pyridazinium ylides were recorded (76MU, 76MI2, 76MI3). The infrared 
and Raman spectra of several pyridazines were measured over a wide 
acidity range (86JST59). Infrared spectra of 3,6-dichloropyridazine 
(79MU1) and other deuterated or substituted pyridazines were also rec¬ 
orded [85MU2, 85SA(A)703; 86BCJ2997], The infrared and Raman spec¬ 
tra of 3(2//)-pyridazinethione show that only the thione form is observed 
in apolar solvents [83SA(A)367], 

NMR spectra were applied to structural investigations of monamy- 
cins D| and Hr, the data support a single conformation for each 
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[77JCS(P 1)2369]. From dynamic NMR data, the rotational barriers of the 
dimethylamino group in reduced pyridazines were obtained (~ 11 kcal/ 
mol) (81JA3300). 'H- and ,3 C-NMR chemical shifts were measured, and 
electronic effects in 3- and 4-substituted pyridazines were evaluated 
(79CPB1169; 86KGS951). 'H-NMR and 57 Fe-Moessbauer spectra of a 
cyclopentadienyliron carbonyl complex with pyridazine were investigated 
(86JOM207). 

A quantitative measure of electron distribution has been developed 
using l3 C-NMR chemical shifts. These correlations also allow the pre¬ 
diction of 13 C chemical shifts in substituted pyridazines (820MR192). 
I3 C-NMR spectra of various pyridazines were recorded and analyzed. 
They were used to determine the most stable conformations of reduced 
pyridazines (87T2443) or the ring-chain isomerization of heterospiro com¬ 
pounds of type 122 (830MR42). Substituent effects of several 3(2//)- 
pyridazinones were correlated [83JCS(P1)1203], and nuclear relaxation 
rates of 13 C and quadrupole relaxation of l4 N have been measured for 
pyridazine (78MP997). 

I5 N Chemical shifts for pyridazine (80HCA504; 84OMR201; 85MI22), its 
N-oxide (80HCA504; 81JMR387), and 3-methyIpyridazine (84OMR201) 
were reported. A relationship exists between the changes in l5 N chemical 
shifts of azine N-oxides and changes in the l3 C chemical shifts of the 
carbons a to the N-oxide function. On comparison of the l5 N chemical 
shift changes of the N-oxides and their oxygen protonated analogs, a 
measure of the extent of back donation, related to the 7r-deficiency of the 
N-oxides, is established. For pyridazine N-oxide, the relative back bond¬ 
ing amounts to 70% [82H(19)93]. I5 NMR chemical shifts are reported for 
1,2-dimethylhexahydropyridazine (80JOC3609), and cyclic voltametry to¬ 
gether with NMR was used for studies of conformational changes of 
l-ethyl-2-methyl- and 1,2-dimethyl-hexahydropyridazine (78JA4012). 13 
C- I5 N nuclear-spin coupling constants and 15 N- I5 N spin coupling 
constants of 3-methyl- and 3,6-dimethyl-pyridazines were observed 
[85JCS(P2)1533]. Also, the n O chemical shift data for pyridazine N-oxide 
at natural abundance were reported (85JHC981). 

For pyridazine, a time-resolved electron paramagnetic resonance (EPR) 
study (85CPL321), hyperfine coupling in a radical anion [83ZN(A)415], 
and spin-lattice relaxation rate (84JA557) were reported. ESR studies, 
found that the radical, obtained through one-electron oxidation, has a 
semiquinone-type structure [88JCS(P2)1259], and similar investigations on 
cation radicals of some tetra- and hexahydropyridazines revealed that 
these species exist in half-chair conformations (85JOC4749). 

There are also several electron-impact mass spectral studies of de¬ 
rivatives of 3- and 4-styrylpyridazines (81JHC255; 84JHC435), some 
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4(l//)-pyridazinones (850MS483), 2-benzo-azolyl-3(2//)-pyridazinones 
(870MS477), and some 3,4-diazanorcaradienes (79MII4). 3,4- and 4,5- 
Didehydropyridazines are postulated as intermediates in the vapor phase 
during electron impact or pyrolytic fragmentation of pyridazine-3,4- 
and -4,5-dicarboxylic acid anhydride [82H( 19) 1427], Fragmentation of py- 
ridazine by electron-impact luminiscence was studied, and cleavage of the 
N—N bond was found to be important (81 CL 1631). Van der Waals clusters 
of pyridazine with methane, ammonia, water, and methanol were gener¬ 
ated in a supersonic, molecular jet expansion and investigated by mass 
spectrometry. No spectral evidence for water methanol clusters could be 
observed (87JCP6707). 

Pyridazine was investigated by photoelectron spectroscopy (79MI42, 
79MPI381), and photoelectron spectra of 1 -(4-pyridazinyl)- and l-(3- 
pyridazinyl)-2-(3-pridyl)ethene, in their trans configuration, were recorded 
[80ZN(A)844], Conformation of 1,2-dimethylhexahydropyridazine was 
examined by variable-temperature photoelectron spectroscopy. The di- 
equatorial conformation with diaxial ion pairs is more stable than the other 
conformer by ~ 1.2 kcal/mol, but in solution, the energy difference is only 
0.4 kcal/mol (80JA7438). 

The fluorescence lifetime of pyridazine was measured; it is so short that 
it is not possible to differentiate between the fluorescence emission and the 
flash lamp pulse (78AJCI889). 


D. X-Ray Analysis 

Structures of many pyridazines were determined by X-ray analysis, 
particularly those compounds that exhibit biological activity. X-Ray struc¬ 
tural analysis has been applied to many compounds resulting from 
syntheses or transformations of pyridazines, such as structures 38 
(87JOC2026), 41 (as erythro) (84JHC305), 49, and 50 (82CC1003). 

For 5-benzoyl-2,6-diphenyl-4-hydroxy-3(2//)-pyridazinone, the 4- 
hydroxy form was confirmed (86M231). 4-Amino-5-cyano-l,6-dihydro- 
6-imino-l-phenyl-3-pyridazinecarboxylic acid exists as an inner salt 
(87LA889). For pyridazine nucleoside 4-hydroxy-1-(/3-D-ribofuranosyl)- 
6(l//)-pyridazinone, glycosyl torsional angle was found to be in the high 
anti region [78BBA229; 81 AX(B) 1576]. For the condensation product of 
acetonylacetone with hydrazine, several structures were earlier proposed, 
but an x-ray analysis confirmed structure 124 (78JOC3615). 

There are crystallographic data for hexahydro-3,6-pyridazinedione 
at -I65°C [78ACS(A)219]; its 1,2-dimethyl analog has a “twisted boat” 
conformation at the same temperature [77ACS(A)808]. A slightly twisted 
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(124) 


boat was also found in the case of 3,5-di-ter/-butyl-4-diisopropylamino- 
l//-pyridazinium-6-phosphonate [85AX(C)1130]. 4,5-Dichloro-6(l//)- 

pyridazinone was found to exist as two polymorphs, each in the oxo form 
as a hydrogen-bonded dimer (85AX(C)1807], 

X-Ray structures were also determined for pyridazine-3,6-dicarboxylic 
acid (87JHC1285), 4,5-diamino-l-methyl-3-methylthiopyridazinium io¬ 
dide (81H9; 82AX(B)135], l-(p-bromophenyl)-5-bromopyridazine-3, 
6-dione (79JHC855), 3,6-bis(hydroxymethyl)pyridazine [88AX(C)1267], 
6-diethylamino-N,N,5-trimethyl-4-oxo-3-phenyl-1,4-dihydro-1 -pyrida- 
zinecarbothioamide, 3 - dimethylamino - N, N -diethyl - 4 - methyl - 5 - oxo - 6- 
phenyl-4,5-dihydro-4-pyridazinecarbothioamide [85AX(C) 1277], 4-bromo- 
l-(p-nitrophenyl)-3-phenylpyridazinium-5-olate [83AX(C)1415],5-amino- 
6-chloro-4-nitro-2-(/3-D-ribofuranosyl)-3(27/ )-py ridazinone (81 - J HC1551), 
(6-methoxy-3-pyridazinyl)sulfanilamide [81 BSF( I )153, 81 Ml 17; 861JC- 
(A)707], bis(hexahydro-l-pyridazinyl)thiophosphoric acid Ophenyl ester 
184AX(C)441 ], and 1,3-dihydro-3,3-dimethyl-5-( 1,4,5,6-tetrahydro-6-oxo- 
3-pyridazinyl)-2//-indol-2-one (87JMC623). 

The structure for pyridazine derivative 126 , obtained from bicyclic ke¬ 
tone 125 with methanolic sodium methoxide, was determined by X-ray 
analysis (84JOC1261). Structures of 127 (81JA70I1) and 128 (81AJC1223) 
were also determined. 



R = 2—pyridyl 
(128) 
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Electron diffraction studies were used to determine the molecular struc¬ 
ture of gaseous pyridazine and 3,6-dichloropyridazine [77ACS(A)63]. 
Structures of several complexes were examined, such as the complex 
between 6-chloro-3,4-dimethoxy- and 3-chloro-4,6-dimethoxypyridazine 
(87CPB350), the palladium(II) complex with 1,3-dimethyl-l,4,5,6- 
tetrahydropyridazine (80MI22), and bridged binuclear Cu(II)pyridazine 
complexes (85CC1709; 86MI15; 88CJC348). 

The crystal structure of the fungicide, 0-(2-chloroethyl)-Oisobutyl-0- 
(2-phenyl-4-methylthio-3-oxo-2//-pyridazin-5-yl)thiophosphate (87CCC- 
696), and two cardiotonic pyridazines, CI-914 (129, R = H) and CI-930 



(129) 

(129, R = Me) with essentially planar geometries (87JMC1963), were 
determined. Two GABA A receptor-site antagonists, 2-(3-carboxy- 
propyOpyridazine derivatives [85AX(C)1532; 87MI4], and various mina¬ 
prine analogs [85BSB261; 86AX(C)1206], derivatives of 3-morpholino- 
ethylamino-[85AX(C)1532; 86AX(C)214] or 3-morpholinoethylthiopyri- 
dazine, were examined for their molecular structure by X-ray analysis. 


E. Complexes 

Pyridazine forms hydrogen-bonded complexes with phenol (77MI1) or 
chloromethylsilane as (pyridazine),, (Me 3 SiCl) m ( n,m = 1-2) [87ZN(A) 
341], Vapor pressure measurements have been carried out on a pentacar- 
bonyl complex containing pyridazine (80MI5). Other polycarbonyl com¬ 
pounds were used to give complexes with metals such as chromium 
[81JCS(D)1524, 81MI2], manganese(I) (87MI2), iron (86JOM207), ruthe¬ 
nium (77JA6588), rhodium, iridium (79JOM97), tungsten (78IC1093), os¬ 
mium (77IC2820), chromium, molybdenum, tungsten (79MI26), 3,6-bis(2'- 
pyridyl)pyridazine, and group VI metal tetracarbonyls (88MI1). 

Borane (BH 3 ) adducts of pyridazine (85MI17) were prepared. Pyrida¬ 
zine has been studied as a ligand with an ML 5 group, and barriers for the 
haptotropic shift of monocoordinated pyridazine were found to increase in 
the order Cr < Mn < Fe < Co (87JA5316). Hydrazones prepared from 
3-hydrazino-4-benzyl-6-phenylpyridazine were examined as chelating 
agents for various metals (83M121; 85M463). Complexes of transition 



432 


MIHA TlSLER AND BRANKO STANOVNIK 


[Sec. V 


metals with sulfapyridazine (79MI9, 79MI39) and complexes with pyrida- 
zine and 4,4'-bipyridyl ligands (81MI5) were prepared. 

The formation and properties of many other complexes are reported in 
the literature. These include a cyclopentadienyl-titanium(III) complex 
with maleic hydrazide (81IC2084), a nickel(II) and cobalt (II) complex of 

3.6- bis(l'-pyrazolyl)pyridazine [86JCS(D)625], copper complexes with 

pyridazine or pyridazine derivatives [79BCJ3420; 83MI6; 84MI7; 
86JCS(D)2381; 87IC2384, 87MI22], niobium(V) and tantalum(V) com¬ 
plexes with maleic hydrazide (87MI19, 87MI20), stability constants of 
manganese, cobalt, nickel, copper, and zinc complexes of Schiff bases 
from sulfamethoxypyridazine (79JIC749), a phosphorodithioato-mo- 
lybdenum(V) complex with pyridazine [83JCS(D)649], ruthenium, rho¬ 
dium, palladium, iridium, and gold complexes with pyridazine, pyrazolyl- 
1-pyridazine or 3,4,5-pyridazinetrithiol [79IJC(A)276; 84MI30; 86JCR(S) 
214], potentiometric studies on silver(I) complexes with pyridazine and 
3-methylpyridazine (86MI9), coordination compounds of sulfamethoxy¬ 
pyridazine with rare earth elements (87MI7), osmium(III) pentaamine 
complex with pyridazine [79ACS(A)125; 82AJ7658], iridium 

[82BSF(1 )433] and platinum complexes with pyridazine (77IC2618), or 

3.6- bis(2'-pyridyl)pyridazine (85MI9). 

Complexes of pyridazine A-oxides with cupric chloride were prepared, 
and depending on the particular N-oxide 2:1 or 1:1 complexes were 
formed (78TL1979). 


V. Polymers 

Electrochemical oxidation of pyridazine gave a blue poly(pyridazine) 
that shows electrical conductivity (84CC1627, 84MI21). Also, iodine 
induced polymerization and oxidation of pyridazine (87MI1I). Plasma 
polymer films of tetrafluoropyridazine were examined (84MI5), and 
poly(3-vinylpyridazine) was obtained by ionic polymerization and formed 
a semiconducting adduct with iodine (85CC1632). Solvent effects on radi¬ 
cal polymerization of vinylpyridazinones were studied (86MI2) along with 
the kinetics of radiation-induced polymerization of allylpyridazinones 
(82MI10). A phthalocyanine-iron-dipyridazine polymer has been shown to 
have semiconductor properties (83AG804). 

There are several studies on copolymerization of A-vinyl-pyridazinones 
(86MI3), 2,6-dimethyl-3(2//)-pyridazinone (79MI10), and various pyrida- 
zinones (80MI6, 80MI7; 81MI6, 81MI7). Polydihydropyridazinones were 
also prepared by cyclocondensation of bis-(3-benzoylpropionic acids) and 
aryldihydrazines (78MI6). 
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VI. Biological Activity 

A. Natural Products 

Contrary to other heterocycles found in many important natural com¬ 
pounds, such pyridazines were discovered only after 1970, the first 
representatives being monamycins. These are now a big group of over 15 
related compounds, and monamycin X (130), which was isolated from 
Streptomyces jamaicensis [79JCS(P1)1451], is just one example of these 
cyclohexadepsipeptide antibiotics. 



Antrimycins (131) from Streptomyces xanthocidiens (81MI26, 81MI27; 
82MI20) and cirratiomycins (132) from Streptomyces ciratus (82ABC865, 
82ABC1885, 82ABC1891) are tuberculostatic peptides that also contain 
nonribosomal amino acids. Other examples are luzopeptins (133) {from 
Actinomycetes luzonensis) (85MI35), which are antitumor antibiotics ac¬ 
tive against Gram-positive bacteria. 



R’ R z 

(131) Me, Et, n-Pr, i-Bu Me, Et 

(132) Me. i-Bu Et 
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LUZOPEPTIN A* (di-Ac) 
LUZOPEPTIN B* (mono-Ac) 


(133) 

Pyridazinomycin (134) is a new antifungal antibiotic produced by Strep- 
tomyces violaceoniger. The amino acid side chain can be viewed as L- 
ornithine, whose end nitrogen atom is part of the pyridazine ring (88MI2). 



(134) 


NMR studies of monamycins D| and H, revealed a single conformation 
for each, and the hydroxypiperazic acid residue is hydrogen bonded with 
the NH group of the valine part [77JCS(P1)2369]. Unnatural congener, 
monamycin X [79JCS(P 1)1451] and deoxymonamycin-B 3 (77CC635) were 
synthesized. 



Sec. VI.B] 


ADVANCES IN PYRIDAZINE CHEMISTRY 


435 


B. Synthetic Compounds 

Many pyridazines have been tested for their biological activity and 
eventual application in medicine. A great number of experiments are 
connected with the cardiovascular system, followed by examination for 
analgetic and anti-inflammatory properties or antibacterial activity. Several 
review articles appeared. A summary of the therapeutic trials of 4-amino- 
6-methoxy-l-phenylpyridazinium methyl sulfate (Amezinium sulfate, 
Regulton) and results of multicenter study on 477 patients are presented 
(81AF1657). Moreover, several aspects of the pharmacology of this drug 
have been published (81AF1533, 81AF1544, 8IAF1558, 81AF1566, 
81AF1574, 81AF1580, 81AFI589, 81AF1594, 81AF1605, 81AF1616, 
81AF1623, 81AF1638,81AF1647, 81AFI653). Review articles on pharma¬ 
cological effects of some aminopyridazines related to minaprine (135), a 
psychotropic pyridazine derivative, were published (85MI33; 86MI27). 



piA n .n 


(135) 

Several studies relate the analgetically active and anti-inflammatory 
4-ethoxy-2-methyl-5-morpholino-3(2//)-pyridazinone (M73101) (78MI14, 
78MI15, 78MI16, 78MII7; 79MI29, 79MI30, 79MI34, 79YZ1091) and 
3-amino-4-mercapto-6-methylpyridazine (82PHA208, 82PHA285, 

82PHA441, 82PHA502). Several other 3(2//)-pyridazinones were investi¬ 
gated for analgesic, anti-inflammatory and antipyretic activities 
(78YZ1421, 78YZ1472; 79JMC53, 79MI28; 8IPHA775; 82PHA136; 
85FES921). 

6-Substituted 2,3,4,5-tetrahydro-3-pyridazinones possess sedative ef¬ 
fects (84MI27), and 3-(4-hydroxypiperidyl)-6-(2',4'-dichlorophenyl)pyrid- 
azine and its 2'-chlorophenyl analog were investigated for their sedative 
and anticonflict activities (86MI20). The last compound possesses anti¬ 
convulsant properties (85MI3). Anticonvulsant activity was found also 
with ureido derivatives of N-monosubstituted hexahydropyridazines 
(81JHC293) and various 6-aryl-3-(hydroxypolymethyleneamino)pyrida- 
zines (86JMC369). 

As potential central nervous system depressants, various pyridazinyl 
ureas, semi- and thiosemicarbazide derivatives (83MI16), 4-ethoxy-2- 
methyl-5-morpholino-3(2//)-pyridazinone (79MI31) and various other py¬ 
ridazines (81PHA698) were tested. 
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Several pyridazinyl analogs of y-aminobutyric acid, GABA, i.e., SR 
95103 (136), SR 42641 (137) (87MI26)orSR95531 (86MI4) have been found 
to be potent, selective, reversible and competitive GABA A antagonists. 
Several related pyridazines were synthesized and investigated for their 
actvity (85MI24, 85PNA1832; 86MI5; 87JMC239, 87MI14, 87MI25) and 
their graphic models were studied (85MI34). 



(136) (137) 


Structural studies on analogs of minaprine (135) were performed in order 
to establish structure-activity relationship (82BSB49,82BSB123). Several 
pyridazinones with a side-chain urea (83MI26), thioamide (80MI24; 
81CPB3433; 82JMC975; 83JMC373), or 2-cyanoguanidine group 
(83JMC1144) were tested for gastric antisecretory activity. 

Pyridazinones (129) (84JMC1099) and their arylaminophenyl analogs 
(87JMC1157) show potent positive inotropic activity. Also, some substi¬ 
tuted tetrahydro-6-oxo-3-pyridazinyl-2//-indol-2-ones are very potent 
(86JMC1832; 87JMC623, 87JMC824), and many related 3(2//)- 
pyridazinones were also tested for inotropic activity (84MU3, 84MI20; 
85JMC1405; 86JMC261, 86JMC2142; 87JMC1955; 88JMC461). The py- 
ridyl analog of 138 was found to be a potent cardiotonic compound 
(87AF398, 87MI10, 87MI12). 

Several 3(2//)-pyridazinones (88JMC345) or their 2,3,4,5-tetrahydro 
derivatives were evaluated as combined vasodilator and /3-adrenoacceptor 
antagonists (88JMC352, 88MI4, 88MI5). Modified steroids having a py- 
ridazine or pyridazine N-oxide ring at position 17 were prepared, and some 
exhibited cardiotonic activity (83MI9, 83MI10). 

Numerous derivatives of hydrazinopyridazine were prepared and tested 
for their antihypertensive activity. The hydrazine group in these com¬ 
pounds exists either as such (78FES99; 79FES299; 80MI14, 80MI15; 
81JMC59; 82PHA51; 85MI8, 85MI20, 85MI23), in the form of hydrazones 
(80MI13; 84MI26), or as part of a 1-aminopyrrole (83MI8; 85AF508; 
86AF84) or pyrazole ring (79MI36). Also, several 3(2//)-pyridazinones as 
their hydrazino analogs were tested for this activity (77MI4; 79MI4, 
79MI12, 79MI35; 80JMC1445; 85MI11; 86AP60). 

Some 3(2//)-pyridazinones inhibit blood platelets aggregation 
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(83JMC800; 84MI18; 87FES585), and pyridazine analogs of prostacyclin 
showed potent inhibition (79JA766). Some 3(2//)-pyridazinones and their 
5-methylsulfonyl analogs were prepared for examination as haemostatics 
(78YZ1530); other were found to possess monoamine oxidase-inhibiting 
properties (77FES404; 88MI3). 2-Aryl-6-substituted-2,3,4,5-tetrahydro-3- 
pyridazinones were investigated and found to possess mild diuretic activ¬ 
ity (79YZ211). 

Bactericidal activity was found with some 2-(pyridazinyl-3')-3- 
pyridazinones (84MI8) and S-(6-arylpyridazinyl-3)thioglycolic acids [78- 
IJC(B)936], whereas mesoionic pyridazine nucleosides have been shown 
to possess antibacterial activity in vivo (84JMC1613). Cephalosporin ana¬ 
logs with substituted pyridazines in the C-3 side chain showed good antimi¬ 
crobial activity (77M17, 77MI8), and this activity was investigated with 
several other pyridazines (81M120; 84M14, 84MI29; 86PHA460). 

Amino derivatives of 2-phenyl-3(2//Fpyridazinone were examined for 
antifungal activity (87YZ819). Several l-methyl-5-nitroimidazoles substi¬ 
tuted with pyridazines at position 2 were investigated against various 
protozoa (78AF351). With 4-ethoxy-2-methy!-5-morpholino-3(2//)-pyrid- 
azinone, teratological or mutagenicity studies were performed (78MI12; 
79MI37, 79MI38; 80MI26, 80MI28, 80MI30), and cytostatic activity was 
determined in the case of several 3(2//)-pyridazinones (78JMC1333; 
80MI14; 81MI10, 81MI11; 82MI12; 83MI12; 84CCC2541; 84MI24, 
84MI31,84MI32). 

Among other activities, investigations were concerned with radio- 
protective effects (83MI3), antitrypanosomal activity (80JMC578), and 
amplifiers of phleomycin (85AJC1685). Pyridazines were shown to be 
potent tyrosine hydroxylase dopamine /3-hydroxylase inhibitors (83MU 1). 

There are several studies on the metabolism of pyridazines. The metab¬ 
olism in rabbits of 4-ethoxy-2-methyl-5-morpholino-3(2//)-pyridazinone, 
an analgesic and anti-inflammatory agent, revealed 10 metabolic com¬ 
pounds that were isolated and identified. All were derivatives of pyrida¬ 
zines and the major metabolite route was oxidative cleavage of C—N and 
C—O bonds of the morpholino group (78CPB3124). As decomposition 
products of the antihypertensive 3-hydrazino-6-[bis-(2-hydroxyethyl)- 
aminojpyridazine, three pyridazines were isolated from urine and re¬ 
vealed that the hydrazino group was either displaced or cyclized into a 
triazolo ring (78FES565; 79MII, 79M16). Also, the related Propildiazine 
(138), an antihypertensive drug, is hydrolytically degraded into three com¬ 
pounds resulting from transformation of the hydrazino group to either an 
oxo group or a hydrogen atom and from formation of a diazene (81JPS334). 
Pharmacokinetics of an analog of 139 (88AF237) and toxicity of 4-ethoxy- 
2-methyl-5-morpholino-3(2//)-pyridazinone were evaluated (79MI24). 
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(138) 


C. Plant Growth and Protection 

There are at least four known actions of pyridazines on plants involving 
a one or more of the following effects: (a) inhibition of the Hill reaction 
(photolysis of water during the photosynthesis), (b) inhibition of pigment 
formation (chlorophylls, carotenoids), (c) change in the linolenic/linoleic 
acid ratio, and (d) influence on the chloroplast ribosomes. In addition, 
pyridazines may be used in plant protection as biocides. 

Several 2-phenyl-3(2//)-pyridazinones were found to influence or inhibit 
electron transport in plant chloroplasts [81M115; 83MI16; 85MI10; 
86MI16; 87MI16, 87MI18, 87ZN(C)808]; they inhibit photosynthesis 
[79MI13, 79MI43; 82MI19; 87PIA415]. The influence of pyridazinones 
on the biosynthesis of carotenoids and the metabolism of lipids in plants 
has been surveyed [79ZN(C)1052]. Among various herbicides, SAN 6706 
(139) has been extensively investigated; it blocks chlorophyll and caro¬ 
tenoid formation simultaneously [77ZN(C)236; 79MI27; 80MI17; 82MI13, 


Cl 



(139) 


82MI15; 86MI10, 86ZN(C)585]. Some related pyridazinones exhibit simi¬ 
lar activity [82ZN(C)1092; 85MI16; 88ZN(C)418], although the reverse 
activity was also observed, i.e., they stimulate the biosynthesis of fatty 
acids, chlorophylls, and carotenoids in Chlorella cultures (80MI10). 

Substituted pyridazinones induce a specific decrease in the linolenic 
acid content accompanied by an increase in the linoleic acid content of 
plant membranes. The most distinct effect among many 5-substituted 
pyridazinones (78MI7; 83MI5; 86MI21; 87MI17) was shown by 4-chloro-5- 
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dimethylamino-2-phenyl-3(2//)-pyridazinone (SANDOZ 9785, BASF 13 
338) (79MI16; 81 Mil; 83MI22; 84MI2; 85P1923; 87MI24). 

To study pesticidal activity, various 4,5-dichloro-, 4- or 5-alkylamino, 
or 1,4,5-trisubstituted 3(2//)-pyridazinones were prepared (84MI14; 
85CCC492, 85MI15). Pyridazinyl thiophosphates were prepared and 
tested (78CCC2415, 78MI8; 79CCC1761, 79MI17, 79MI18, 79MI19, 
79MI20, 79MI21; 80CCC2247, 80CCC2343; 83MI13, 83MI14). Some py- 
ridazines display fungicidal activity (83MI12; 85MI5). 

Labelled maleic hydrazide was studied for degradation in tobacco 
plants, and the major metabolite was found to be its 0-D-glucoside 
(78MI4). 1,1-Dimethyl hexahydropyridazinium bromide has been studied 
as a growth regulator (77MI3) along with some pyridazinone herbicides for 
their influence on afiatoxin production (83MI2). A number of pyridazines 
and pyridazinones were prepared and investigated for their herbicidal 
activity (80MI9; 81MI3, 81 MI 15). 


VII. Other Applications 

A series of 3,5-disubstituted pyridazines and their 3,4,5,6-tetrahydro 
derivatives were prepared from aryl y-oxo-butyric acids and were tested 
for photostability and eventual properties as liquid crystals (86ZC21). 
Liquid crystalline phases of 3-phenylpyridazines (77ZC333), derivatives of 
3(2//)-pyridazinethione (79JPR629), pyridazin-3-yl benzoate (83ZC296), 
and other pyridazines (83MI23; 86MI11, 86MI12) were investigated. In¬ 
vestigations of new antiozonants showed that substituted pyridazines 
were weak antiozonants (85MI2). 


VIII. Analysis 

4-Acetyl-2-(2'-hydroxyethyl)-5,6-bis(4-chlorophenyl)-3(2// )-pyridazin- 
one, an antihypertensive agent, was purified by a combination of low- 
pressure liquid chromatography and preparative thin-layer chromatogra¬ 
phy (TLC); byproducts were identified (81JPS419). High-pressure liquid 
chromatography (HPLC) has been used to determine maleic hydrazide and 
its /3-D-glucoside in foods (80MI23). This method was also used to deter¬ 
mine some 3(2 H )-pyridazinones in waste water (82MI14) or for separation 
(80MI4). The retention behavior of eight herbicidal pyridazinones in a 
reversed-phase HPLC system has been examined (85ACH221). 

Thin-layer chromatography was applied to study the relationship be¬ 
tween the cytostatic activity of 3,6-pyridazinedione derivatives and their 
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hydrophobic properties (87MI20), TLC photodensitometry was applied to 
the drug Cadralazine (83MI4). Direct and reverse isotopic dilution and 
cation-exchange methods were used to determine the drug Amezinium in 
body fluids (81AF1589), and for Azintamide, which is a potent choleretic 
pyridazine, a spectrophotometric method has been developed (84MI1). 
There are also analytical studies of some pyridazinones with iron(III) 
(82MI7) and nickel(II) salts (81MI19). 
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